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ABSTRACT 
Petunia {Petunia hybrida Vilm.) of family Solanaceae is a large complex group 
of fiybrid cultivars grown as an ornamental plant during the winter season. A survey of 
virus diseases in and around Aligarh district (U.P., INDIA) revealed the occurrence of 
a disease of petunia characterized by yellow mosaic symptoms on leaves. Veins of the 
leaves also became yellow. At advanced stage of infection, there was reduction in the 
size of new emerging leaves, stunting of stem and floral abnormalities such as streaks 
on petals, crumpled floral buds, papery petals and reduced flower formation. The 
disease incidence ranged between 15.47 - 32.19 per cent from seedling stage to 
flowering stage. 
The virus was found to be readily transmitted by mechanical sap inoculation 
and by the aphid vector {Myzus persicae), but not by Aphis gossypii and Brevicoryne 
brassicae. The causal virus was also not transmitted by white flies {Bemesia tabaci), 
two species of dodder {Cuscuta ciiinensis and C. reflexa), soil, and seed. 
The virus named PYMV (petunia yellow mosaic virus) has a restricted host 
range infecting 19 species belonging to six families. Most of the hosts are distributed 
in families. Solanaceae and Chenopodiaceae. The virus evoked local lesions on many 
Ctienopodium spp. C. amaranticolor was used as assay host. The general symptoms 
observed on Nicotiana spp. were mosaic, yellowing and deformation of leaves. 
Calendula officinalis and Raphanus sativus were found to be latent hosts for this 
virus. 
Phosphate buffer (0.05 M, pH 7.0) was found to be the most suitable medium 
for maintainance of virus infectivity. The other buffers used such as acetate, borate, 
citrate and citrate phosphate were found to inhibit the virus infectivity. Addition of 
DIECA, sodium sulphite and EDTA to the extraction buffer also reduced the virus 
infectivity in crude sap. 
The bio - physical properties of PYMV showed that the virus lost its infectivity 
at a dilution of 10-^  in crude sap of Nicotiana tabacum cv. Jayasri, while it could 
withstand heating upto 55°C for 10 min and remained active till 78 h when stored at 
room temperature (20 ± 5°C) and upto 114 h at 4°C. 
PYMV attained maximum concentration in N. tabacum cv. Jayasri plants in 14 
days after mechanical sap inoculation. The virus was also recovered from roots and 
stem of the plant but in lesser quantity than that from the leaves. 
PYMV was isolated by a procedure involving the extraction of the virus in 0.05 
M phosphate buffer pH 7.0. The sap was clarified by using 20% chloroform, and the 
virus was precipitated by using 6% PEG and 0.1% NaCI followed by two cycles of 
differential centrifugation. 
Removal of other host contaminants was achieved by rate-zonal density 
gradient centrifugation on linear sucrose columns. The virus (PYMV) exhibited a single 
light scattering band in sucrose columns and infectivity was found to be associated 
with this band. 
Purified preparation of the virus gave a spectrum typical of nucleo-protein in U V-
spectrophotometer (A^^ ^ at 260 nm and A^ .^  at 245nm). 
The nucleic acid, isolated by phenol - chloroform method, was found to be RNA 
by Orcinol test. The infectivity of RNA was found to be 10% that of intact virus. It 
constituted about 6.4% of the total particle weight. The ratio of fi^^Jfi^jeo ^O"" nucleo -
protein was 1.2. The extinction coefficient (^,^^ ) of PYMV was 2.8 as determined by 
linear regression line and the equation. The buoyant density and partial specific volume 
of PYMV were 1.303 g/ml and 0.77 respectively as determined by quadratic regression 
line and the equation. 
SDS-PAGE electrophoresis of viral capsid protein showed only one type of 
protein subunit having a molecular weight of c.32,000 D. 
The clarified preparation of virus negatively stained with 2% uranyl acetate 
showed flexuous filamentous particles measuring Ca. 760 x 11 nm. Ultrathin sections 
of infected leaf of N. tabacum cv. Jayasri plants revealed the presence of 3 types of 
inclusion bodies in the cells viz. long lamellar aggregates, scrolls and pinwheels. 
The antiserum raised against PYMV in the rabbit has a titre of 1:1024 and the 
virus end point of 1:256 as determined by tube precipitin test. In Ouchterlony gel double 
diffusion tests, the virus (PYMV) showed serological relationship with potato virus Y 
(PYMV) and papaya ringspot virus (PRSV). In ISEM (Immunosorbent Electron 
Microscopy) also PYMV showed close relationship with PVY and PRSV as maximum 
trapping and decoration of the particles were recorded with the antiserum of these 
viruses. 
Therefore, on the basis of the results of host range, particle structure, inclusion 
bodies, ISEM and other properties, it is concluded that PYMV (petunia yellow mosaic 
virus) is not identical but closely related to PVY and PRSV and is a member of PVY 
group. 
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INTRODUCTION 
From the dawn of the history plants ministered to the needs of man and determined 
his progress. Probably one of the most significant landmarks in the history of civilization 
was the discover^ / that seeds dropped into the earth would grow and produce food-giving 
plants. This required man to remain in one place long enough to harvest his crops. 
Furthermore, plants beautify our surroundings and furnish the setting or the 
inspiration for some of the world's best literature, art, and music. The Bible abounds in 
references to them. Such poems as Bryant's "Thanatopsis", Wordsworth's "Daffodils", 
Dicken's "The Ivy Green", and such well known songs as Moore's "The Last Rose of 
Summer", Goethe's "Heidenroslein", and Mac Dowell's "To a Wild Rose", to mention but 
a few examples, were inspired by plants. Down through the years the beauty of plants has 
influenced the composers of music and the authors of lasting prose and verse. 
Ornamental plants occupy a unique position in the plant world as they provide 
aesthetic satisfaction to man by their perfume and attractive flowers. Floriculture, an 
established discipline of plant sciences has assumed a very profitable trade throughout 
the world and especially in developed countries. Besides ornamental value of some 
plants, they are now grown on a large scale as economic crops such as sunflower- a major 
oil seed crop and some are cultivated for medicinal use e.g. poppy. 
Plant pathogens adversely affect the asthetic value of ornamental plants. Viruses 
have a significant importance among the plant pathogens because of their persistence in 
the plants and the absence of therapeutic measures against them. Viruses not only 
reduce the economic trade of floriculture by causing severe losses, reduction of growth, 
number and size of flowers and the aesthetic quality of foliage and flowers of infected 
plants, but also due to infected omamentals serving as resen/oirs of inoculum for the 
economically important plants. Viruses thus are a potent threat and limiting factors in 
cultivation of ornamentals and other economically important plants. 
Petunia {Petunia hybrida Vilm.), belonging to Solanaceae (Tobacco Nightshade) 
family, a genus of about 40 species of half hardy annuals and perennials, is a herb. The 
plant is a native of South America and later changed almost beyond recognition due to 
extensive cross breeding. It has a spreading habit with long, trailing branches, about one 
to three feet long and rising to one or one and a half feet above ground. They are tufted, 
often sticky glandular, hairy, with alternate spathulate to lanceolate or ovate leaves, and 
solitary, funnel-or salver-shaped flowers in the upper leaf axils. The plant is well adapted 
to various types of soils and moisture conditions but flourishes well in loamy or sandy soil 
rich in plant food and moist undemeath. It grows very satisfactorily during winter. 
Petunias became popular a hundred years ago, when they were improved by 
hybridization in Europe, notably in France and Germany. Petunia tiybrida Vilm. is a large 
complex group of hybrid cultivars derived from P. axiiiaris and the allied and similar P. 
inflata and P. violacea. This group has mutated freely and plants may be compact 
or elongate with flowers frilled to heavily crested, single to double, in vast range of 
colours. 
Petunia, in nature, is affected by several viruses. There are various reports of 
different vi ruses affecting this plant from all over the world. Some of them worth mentioning 
here are Alfalfa mosaic, Chrysan themum mild mottle. Cucumber mosaic. Petunia ring 
spot. Potato virus X and Y Tobacco etch. Tobacco leaf curl, Tobacco mosaic , Tomato 
bushy stunt and Turnip mosaic virus etc. 
During the course of survey of virus diseases in and around Aligarh district (U.P., 
India) during 1992-93, a disease of petunia characterized by severe yellow mosaic, 
shortening of leaves and dwarfing of plant was found. Detailed studies pertaining to the 
yellow mosaic of Petunia were, therefore, undertaken with the following objectives 
1. Host range of the virus and symptomatology. 
2. Transmission of the virus by different means. 
3. Biophysic£il properties. 
4. To standardize the protocol for the purification of the virus. 
5. Morphological characteristics of the virus particles. 
6. Ultrastructural studies of infected tissues. 
7. Serology. 
REVIEW 
OF 
LITERATURE 
REVIEW OF UTERATURE 
Several viruses have been reported to infect petunia {Petunia hybrida Vilm.) botti 
under natural as well as experimental conditions from all overthe world. Underexperimental 
conditions petunia has been found a good host plant and indicator host (local lesion host) 
for many viruses by several workers. So an attempt is made here to review the literature 
briefly pertaining to virus infections on petunia. The references which are of no use have 
been ignored here e.g. the references related to viruses reported on different species of 
petunia other than Petunia hybrida have been omitted. 
The chapter is divided into three parts, on the basis of infection reported on petunia 
by viruses and other informations as follows : 
1. Virus or virus diseases of petunia under natural conditions. 
2. Virus or virus diseases of petunia under experimental conditions. Which is further 
divided into two parts, on the basis of symptoms exhibited on petunia. 
(A) As a local lesion host. 
(B) As a systemic or latent host. 
3. Miscellaneous properties or reactions of petunia to different viruses. 
1. Virus Infections on Petunia Under Natural Conditions: 
Several reports are available on diseases of petunia caused by or, assumed to be 
caused by virus/es. In afew instances the pathogens have been unequivocally established 
with regard to their various characteristics while in others, the reports are limited to 
preliminary investigations. On petunia, Dickson (1922) first of all reported a mosaic 
disease. The description starts with the important and well established viruses known to 
cause different diseases on petunia. 
Alfalfa mosaic virus : 
This virus was for Vne first time recorded to cause ring spot disease of petunia by 
Mali (1981). He described its transmission, properties, host range and serology. 
Arabis mosaic virus : 
Soil transmission of arabis mosaic virus was first reported by Lister (1960). 
Purification of arabis mosaic virus was achieved from infected leaves of P. hybrida var. 
Lavina homogenized with phosphate buffer and the virus was precipitated with 
polyethylene glycol (Filigarova, 1982). The yield of purified virus was 0.9 -1.78 mg/1 OOg 
of leaves. 
Weisner et al. (1988) detected the changes in the complex of non-specific and 
soluble proteins and in cytokinin activity of above ground tissue of P. hybrida infected by 
AMV. The electrophoretic analysis of tissue homogenate showed 7 anodic esterases in 
both healthy and inlected plants with AMV. Only differential quantitative changes were 
there. Only one band of isoesterase activity was detected intheintercellularspaces. There 
were 18 protein bands in tissue homogenates of both healthy and infected plants but 
differential quantitative changes were there. The amaranthus test showed a higher 
cytokinin activity in leaves of healthy plants than in those of infected plants. 
Filigarova (1982) got 3 bands on density gradient centrifugation. The lower two 
showed typical UV absorption spectra. The A^^/ A^^^ ratio in the lower component was 
1.71 ± 0.03 and in the upper was 1.56 ± 0.06, suggesting that both virus components 
contain RNA. Gerola and Giussani (1966) reported arabis mosaic virus in P. hybrida by 
electron microscopic studies. 
Aster yellows virus : 
Yellows of celery (aster yellows virus) was reported to infect Petunia from Canada, 
a few reports from Alberta and also from Saskatchiewan (Connors and Savllle, 1944). They 
reported thie same disease on buckwtieat, Taraxacum kok-saghyz, lettuce, parsnip, 
pumpkin, squashi. Calendula, Callistephus, Centaurea, Clarkia, Coreopsis, Cosmos, 
Dahlia, Dimorphotheca, Eschscholtzia, Gaillardia, Nigella, Phlox, Schizanthus, Tagetes, 
and Zinnia. 
Broad bean wilt virus : 
It was first reported from India by Mali etal. (1977) and named petunia ring spot str. 
of broad bean wilt virus. It was the first report of this virus outside Spain. 
In 1978, Parvin and Izadpanah reported broad bean wilt virus in the Pars province 
of Iran to infect petunia plants.The plants showed mosaic symptoms. The virus was 
identified on the basis of host range, transmission, morphology and serology. It resembled 
the Australian str in its symptoms on pea, tomato, petunia, Chenopodium spp. and 
snapdragon and in not infecting Tropaeolummajusand parsley. However, some reported 
hosts of Australian and otherstrs. were not infected by Iran isolate. Mung bean {Vigna 
radiata) was a local lesion host for this virus. 
Chrysanthemum mild mottle virus : 
Chrysanthemum mild mottle virus [tomato aspermy cucumovirus (TAV)] strain U 
was isolated from petunia showing mosaic symptoms and strain K from Capsicum with 
necrotic mosaic symptoms (Natsuaki et al., 1994). Both had a wide host range and 
resembled each other in symptomatology. Purified preparations of both isolates had a 
single capsid protein of 24 kD. Leaf-dip preparations from naturally or mechanically 
infected plants contained spherical particles of 30 nm. The isolates reacted with antiserum 
to TAV. There was no serological difference between the two isolates in agar gel diffusion 
tests. The symptoms on mechanically inoculated plants attenuated gradually when the 
two isolates were passed serially through tobacco plants. Satellite - like RNA, designated 
as TAV RNA 5 [similar to CMV - associated RNA 5 (CARNA 5) in size] was detected in ds 
RNA samples extracted from tobacco infected with TAV in passage experiments, 
suggesting that T/W RNA 5 attenuated the virus - induced symptoms. RNA - RNA 
hybridization showed some sequence homology between TAV RNA 5 and CARNA 5. This 
was the first report of a virus disease of petunia caused by TAV in Japan and of satellite 
- like RNA of TAV. 
Cucumber mosaic virus : 
Cucumber mosaic virus (CMV) was first reported to cause mosaic on petunia by 
Chester (1938) and later on by Lovisolo (1960), Bisht (1962) from India for the frist time, 
Blaszczak (1976, publ. 1977) from Poland, Prakash and Joshi (1979) , Franco and 
Gallitelll (1985), Fletcher (1987) from New Zealand, Zhang and Yuan (1989) from China, 
Srivastava etal. (1991) from India, and Zhou etal. (1993) from Shanghai. 
The disease was characterized by mosaic, resembling those of tobacco mosaic and 
consisting of green mottling with conspicuous stunting (Chester, 1938 ; Bisht, 1962 ; 
Prakash and Joshi, 1979) chlorotic mottle of mature leaves and discolouration of flowers 
(Franco and Gallitelll, 1985), necrosis of petunia (Srivastava etal., 1991) and crinkling 
(Zhou etal., 1993). 
The virus was transmitted by Myzus persicae in non-persistent manner (Bisht, 
1962; Srivastava etal., 1991). 
The virus was found to be transmissible to Turkish tobacco (clearing of veins), N. 
gf/fvf/nosa(systemic infection), cow peas (small, punctate, local necrotic lesions) (Chester, 
1938 ; Prakash and Joshi, 1979). 
In electron microscopy of Infected tissues, Franco and Gallltelli (1985) visualized 
isodiametric particles and later on Srivastava etal. (1991) found that the particles were 
of 29 nm diameter. In immuno electron microscopy the virus reacts with several antisera 
of CMV (Prakash and Joshi, 1979; Franco and Gallitelli, 1985; Srivastava etal., 1991). 
The capsid protein subunits had a molecular weight of 24,000 daltons (Srivastava et al., 
1991). 
Petunia asteroid mosaic virus (PAI\/IV): 
The virus is soil transmissible. Healthy petunias in soil in which infected plants had 
been grown, or in sterilized soil to which a suspension of virus had been added, acquired 
the virus (could be demonstrated in roots 13 days later) and produced symptoms c.1 
month after transplantation or remain masked. It does not occur free in infective soil 
where petunia plants are growing but infective units are released within 10 min of 
irrigating the soil and can be detected in the drainage water ( Lovisolo et al., 1965; 
Campbell etal., 1975). 
PAMV was also isolated from roots of Chenopodium album, melon, privet, Plantago 
major, and Stellaha media in infested soil; melon, cucumber, squash, petunia, and 
Phaseolus vulgaris were found to be good bait plants. There was no aphid and seed 
transmission and no vector nematode were found. The vector for this virus may be either 
naturally infested soil ora chytrid fungus (Lovisolo etal., 1965). Campbelll etal. (1975) 
reported that the vector passes through a 63 |xm pore sieve and requires 6-14 days to 
complete its life cycle in newly infested roots and suspected a fungus otherthan Olpldium 
brasslcae and Lagenocystis radicicola may be involved. 
Antiserum to PAMV reacted well with cherry isolate in ELISA test and agar gel 
double diffusion tests isolated from sweet cherry with detrimental canker (Koenig and 
Kunze, 1982). 
Petunia leaf curl virus : 
Mc Clean (1940) observed a new form of leaf curl in 1939 on petunia in Durban 
Botanical Gardens. The disease was transmissible by grafting to tobacco, Nicotiana 
glutinosa, tomato and petunia. It did not induce a yellow network or any form of chlorosis 
in the early stages of infection in all these plants as that of tobacco leaf curl, but caused 
continuous type of enations, and excessive distortion of tobacco leaves; enations on N. 
glutinosa and tomato, the development of petal - like outgrowth on corolla tube of petunia 
and did not infect Datura stramonium. 
Petunia mosaic virus : 
Two strs. of petunia mosaic virus (A and B) were reported from Taihoku, Formosa, 
Japan (Matsumoto and Hirane, 1939). Str. A produces more conspicuous vein-clearing 
in the early stages of disease than str. B, accompanied by chlorosis of the mesophyll 
tissues along the veins. Raizada etal. (1979) reported yellow strain of this virus on Petunia 
violacea Lindle. 'Hybrida' showing light green to dull yellow mosaic on the leaves during 
winter and in summer, the yellow patches turned white and covered the entire leaves, 
plants remained dwarfed and produced small, pale flowers. Some died without blooming. 
Raizada et al. (1984) reported another mosaic disease of P. hybrida showing mosaic 
symptoms. 
The virus is mechanically transmissible and not by aphids or whitefly (Samuel, 
1931; Matsumoto and Hirane, 1939; Raizada etal., 1979; Raizada etal., 1984). 
The strs. A and B reported from Japan attacked tomato, tobacco, Nicotiana affinis 
(N. alata) and N. sanderae{ Matsumoto and Hirane, 1939), C. amaranticolor (necroWc 
local lesion), C. album, tobacco, N. glutinosa and Datura metel (necrotic local lesion) 
(Raizada et al., 1979), tobacco cultivar Samsun NN. and White Burley, N. glutinosa, 
Dorotheanthus bellidiformis, Hyoscyamus niger, Solanum incanum, and Antirrhinum all 
systemic hosts and Ctienopodim album, C. amaranticoiorand Datura mete/local lesion 
hosts (Raizada etal., 1984). The virulence of str. A was less than that of B. The infectivity 
of this strain was further much reduced by passage through a Berkefeld filter (N) 
(Matsumoto and Hirane, 1939). A uniform carborundum spray, pre - inoculation darkness 
and post - inoculation washing of C. amaranticolor\ea\/es with distilled water at different 
Intervals increased the number of local lesions but detopping before virus inoculation 
reduced it (Raizada and Singh, 1981). 
Extracts lost their infectivity when diluted tolQ- ,^ heated at 60°C for 10 min and 
stored at 28°C for 48 h or 10°C for 8 days(Raizada et al., 1979); TIP, 70°C ; DEP 10^ 
or stored for 4 days at 30°C and 7 days at 4°C. In a detached leaf infectivity was retained 
for 7, 120 and 15 days at 27°, 4° and -10°C, respectively (Raizada et al., 1984). 
For clarification of sap from diseased petunia leaves addition of charcoal alone was 
not deleterious to the virus but charcoal + celite always lowered the infectivity of the virus. 
Organic solvents inhibited the virus totally but when infected tissues were macerated 
together with a mixture of diethylether, carbon tetrachloride, and phosphate buffer, the 
clarified sample so obtained after centrifugation was highly infective (Raizada et al., 
1983). For concentrating the virus, differential centrifugation was found better than 
precipitation by PEG and ammonium sulphate. Maximum precipitate was obtained by 6% 
PEG with 1% NaCI. High speed centrifugation for periods more than 30 min resulted in 
loss of virus (Singh etal., 1983). 
The purified sample has absorption maximum at 260 nm and minimum at 245 nm. 
Nucleic acid percentage was c. 7%. Particles were slightly curved rods with a size of 660 
X 15 -17 nm and reacted with potato virus S antiserum. So the virus is regarded as a 
serotype of PVS, a member of carlavirus group (Raizada etal., 1984). 
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strain A was unable to produce antibodies while str. B produced antibodies and 
reacted witln antiserum to tobacco mosaic. The leaf tissues infected with str. B contained 
vacuolate bodies and plate - like crystals but these were absent in tissues infected with 
str. A (Matsumoto, 1935 ; Matsumoto and Hirane, 1939). 
Petunia mottle virus : 
It was reported from Aligarh, India by Naqvi and Mahmood (1976) and its new strain 
by Naqvi etal. (1983) on the basis of biophysical properties and host range. Plants showed 
mosaic mottling and curling of leaves. The virus was mechanically transmitted and by 
aphids. It had a wide host range. The virus withstood dilution of 10"^  heating to 55°C and 
retained infectivity in crude sap at 10°C for 72 h and at room temperature for 36 h. The 
virus reached maximum concentration in petunia 10 days after inoculation. It was purified 
by two methods using (a) Na ascorbate and butanol, and (b) ammonium sulphate (Naqvi 
and Mahmood, 1976). Furthercharacterization was done by analytical ultracentrifugation, 
UV absorption spectrum and isolation of RNA (Naqvi and Mahmood, 1977). The nucleic 
acid changes were recorded in infected petunia plants (Abbas and Naqvi, 1977), and 
increase in nitrogen and phosphorus while decrease in potassium level was there in 
infected leaves of petunia (Naqvi etal., 1978). 
Petunia ring spot virus : 
Rubio - Huertos (1962) reported two strains (masked and necrotic) from Madrid 
when inoculated broad bean plants were kept at 25 - 30°C. 
The necrotic strain produced severe top and stem necrosis causing death 10-12 
days after inoculation, and formed abnormal paracrystalline needles in addition to normal 
inclusions. In common with the normal strain, the masked strain induced amorphous and 
crystalline inclusions in the epidermal cells below 22°C. In further studies, the same 
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inclusion bodies were observed in infected plant cells of petunia, tobacco, and N. 
glutinosa. The cross section of crystalline inclusions showed a honey - comb hexagonal 
structure. Hypertrophy in golgi apparatus was reported in infected broad bean plant 
cells (Rubio - Huertos, 1965). 
Petunia vein clearing virus : 
It is an isometric particle. The ultrathin section of infected petunia cells contained 
rounded inclusion bodies a few \xm thick consisting of a heavily contrasted, finely granular 
matrix with lightly contrasted vacuole like areas. There were no membranes with inclusion 
bodies. Virus particles occurred in distinct regions of the infected cells, often near the 
inclusion bodies. Conspicuous elements of E. R. were associated with the virus containing 
regions and sometimes were arranged in several concentric layers. The virus particles 
were 43 nm in diameter in negatively stained crude extract, and of c. 46 nm diameter in 
ultrathin sections. (Lesemann and Casper, 1973), 
Petunia yellow mottle virus : 
Rubio and Resell (1959) reported this virus from Madrid garden showing bright 
yellow mottle on the leaves and darck rings in discoloured corolla. In tobacco, it produced 
small, darjc brown, necrotic lesions in the inoculated leaves (not systemic infection). The 
virus was mechanically transmissible and not through seed. The TIP was 50 - 55°C and 
DEP, 1 X 10"2. In petunia, granular inclusion bodies composed of virus particles and 
amorphous material were seen by E.M. 
Potato virus X : 
Chuyan (1979) for the first time isolated this virus from P. hybrida and compared 
it with the isolate of Hyoscyamus niger. 
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Potato virus Y : 
Murayama etal. (1953) reported PVYinfecting petunia on the basis of serological 
tests and precipitin reactions from Japan. It caused vein mosaic in petunia (Lovisolo, 
1960). Makutenaite (1971) also reported this virus on petunia. 
Tobacco etch virus : 
Anderson (1960) reported this virus for the first time to infect petunia under natural 
conditions on the basis of symptoms etc. 
Tobacco leaf curl virus : 
The virus was found to infect petunia plant naturally (Phillips, 1940) and its 
distribution was shown in maps issued by the Commonwealth Mycological Institute 
(Distribution maps of plant diseases, 1948). 
Tobacco mosaic virus : 
Kristova(1959) reported this virusforthefirsttimefrom Bulgaria. The virus was also 
reported from UA.R. from petunia plants showing mosaic mottling, vein banding, vein 
yellowing, blistering, malformation, and distortion of the leaves. It induced local lesions 
on C. amaranticolor, Datura stramonium and N. glutinosa. The TIP was 94 - 96°C. DEP 
slightly above 1:1,000,500 and virus resisted storage between 70 and 90 days at room 
temperature (Eskarous, 1968). 
The abnormal effects on the form and anatomy of petunia leaves infected by a 
distortion str. of TMV was reported by Eskarous and Habib (1970, publ. 1971). 
Fourstrs. of TMV were isolated from naturally infected hybrid petunia, Hyoscyamus 
niger, N. alata var, Grandiflora and Lychnisctiaicedonica, in the Primor'e region and were 
compared with ordinary and Kazakh strs. All were found to be different from one another 
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(Gnutova et al., 1980) 
Tobacco ring spot virus : 
The strain of this virus was isolated from bushy, stunted P. hybrida plants showing 
mottling, distortion and some necrosis of the young leaves (Watson, 1949), dark green 
mosaic mottling and a few scattered yellow or white areas over the leaves (Rani etal., 
1969). 
Tomato big bud virus : 
This virus was reported to infect naturally petunia plants in reports of plant disease 
survey for the twelve months ending 30th. June, 1952, and Report of the Minister of 
Agriculture for Canada for the year ended March 31, 1958. 
Tomato bushy stunt virus : 
It caused in petunia mosaic spotting, malformation, necrotic rings and sometimes 
mosaic on stem £ilso. Plants were small and bushy, either failed to flower or bore deformed 
and abnormal flowers often with mosaic symptoms (Lovisolo, 1957, 1960). 
The disease was sap transmissible. Only petunia, tomato, and Datura stramonium 
showed systemic infection out of 34 spp. of plants representing 28 genera and 11 families. 
Basil {Ocimum basilicum) was used as test plant developing numerous, distinct lesions. 
Myzus persicae was found to transmit the virus with 95 min starvation and 45 to 60 min 
feeding from chillipepperand petunia to petunia (Lovisolo, 1957). 
Tomato spotted wilt virus : 
This virus was reported to infect petunia naturally with other several natural hosts 
of this virus (Gardner and Whipple, 1934; Smith, 1936). 
Thrips were found to transmit the disease. Under warm conditions the necrotic 
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symptoms were seen to be succeeded by stunting, mottling and leaf distortion while in 
cooler areas, the necrosis may destroy the plants in the form of die - back or streak. 
Frequent fumigation and rouging gave commercial control in a green house (Gardner and 
Whipple, 1934). 
Turnip mosaic virus : 
Turnip mosaic poty virus was found to infect petunia naturally with mosaic, crinkling, 
and stunting symptoms. The virus was identified on the basis of symptoms, virus particle 
morphology, and serological reactions (Zhou etal., 1993). 
Reports of Unidentified Viruses : 
Jones (1949) reported a virus affecting petunia plants showing chlorosis and 
narrowing of the leaves at both low and high soil temperatures. A curly top disease of 
petunia transmitted by beet leafhoppers {Eutettix tenella) was reported from Califomia 
(Severin and Freitag, 1933). Kromnek (believed to be identical with spotted witt) type 
disease has been reported to cause about 50% infection on petunia near Pretoria (Pole 
Evans, 1937). 
Russell (1935) reported Petunia hybrida plants showing dark concentric ring - or 
target - shaped lesions on leaves. The disease was transmitted to Antirrhinum majus 
causing pale, well defined rings on the leaves. 
A new virus was reported by Rubio (1959) from Madrid which caused ring spot 
symptoms in tobacco, N. glutinosa and Petunia spp. It did not infect Datura stramonium, 
tomato, Capsicum frutescens, cowpea, Vignasesquipedalis, orbean {PInaseolus vulgaris). 
The virus was found to be sap transmissible. It caused amorphous and crystalline 
inclusion bodies in infected plant cells. The particles were flexuous rod shaped. 
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A rosette disease of petunia from Gambia was reported near the fields of ground 
nut (Eirooks, 1932). Spotted wilt symptoms on petunia were recorded from Salinas Valley, 
California (Harris, 1939). 
Mosaic disease on petunia has been reported by several workers (Dickson, 1922, 
Bewley, 1923 ; Johnson, 1926; Eristavi, 1940; Brierley, 1944; Ryzhkov, 1964; Misraand 
Chenulu, 1966). 
The leaves of infected plants had light yellow to white mottling, and greatly 
deformed, corolla poorly developed. Certain petals fomied after disintegration of the 
sympetalous corolla had a single petal. Plants showed stunting and reduction of foliage 
(Ryzhkov, 1964; Misra and Chenulu, 1966). The virus was sap transmissible and by Aphis 
gossypi. It had restricted host range only to a few solanaceous plants. On the basis of 
properties and comparison with other mosaic viruses of petunia it may be said to be a str. 
of either chilli mosaic virus or petunia yellow mottle virus (Misra and Chenulu, 1966). 
Petunia mosaic retains its infectiveness to less than two days in liquid tobacco extract 
and to two or three weeks in slowly drying leaves (Johnson, 1926). 
The histology of the tissues of healthy and infected petunia with mosaic symptoms 
revealed that (i) hypoplasia in the lighter green areas, manifest especially in the palisade 
tissue, but eilso in mesophyll cells and making such areas about one - third less in thickness 
than the darker green areas, (ii) reduction in intercellular space volume of these lighter 
areas, (iii) reduction of chlorophyll content of these cells due to fewer choloroplasts, less 
chlorophyll per palisade, or breaking down of plastids, (iv) the presence in these cells of 
secondary contents derived from degenerated plastids and possibly, cytoplasm, (v) small 
hyaline bodies, apparently derived from fragmented plastids, are often found in the 
diseased chlorenchyma in a state of rapid motion, (vi) reduction in area covered by 
epidermal cells over hypoplastic chlorenchyma but growth of epidermal cells either 
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deeper or develop more trichomes than normal, (vii) the transition from hypoplastic to non 
- hypoplastic tissue is sudden except in slightly affected leaves (viii) under adverse 
conditions mostly hypoplastic tissue may die and give rise to brown flecks, (ix) the darker 
green areas are more or less hypertrophied, with more intercellular spaces and greater 
chlorophyll content than the nomnal cells and such areas are covered with epidermal cells 
that are larger in area than normal. Hypoplastic areas may occur in the floral parts of 
infected petunia (Dickson, 1922). 
2. Virus or Virus Diseases of Petunia under Experimental Conditions : 
Petunia has been reported as a susceptible plant for many viruses in host range 
studies under experimental conditions by several workers. These viruses infected petunia 
both by mechanical and biological means. For some viruses, petunia has been reported 
as a good indicator host. 
(A). Petunia as a Local Lesion Host: 
Viruses reported to evoke local symptoms on petunia are listed below : 
VIRUS 
Cucumber mosaic 
Speckled tobacco mosaic 
Tobacco ringspot disease 
Ontario str. of tomato streak virus 1 
Kromnek disease 
Cucumis virus 1 (str. Chrysanthemum) 
Chrysanthemum virus b 
REFERENCE 
Johnson (1926) 
Johnson (1926) 
Priode(1928) 
Berkeley (1936) 
Hean(1940) 
Noordam(1952) 
Noordam(1952) 
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Chrysanthemum virus c 
Eggplant mosaic 
Sweet potato mosaic 
Tobacco vein-browning (M3 str. of PVY) 
Chrysanthemum virus b 
Chrysanthemum latent virus 
Chrysanthemum mottle 
Tobacco mosaic virus str. 
Trinidad cow pea mosaic 
Poplars virus 
Rumex virus (str. of arabis mosaic virus) 
Tomato str. of tobacco mosaic 
Tomato ringspot 
Tobacco veinal necrosis (new str.of PVY) 
Tomato str. of tobacco mosaic 
Tomato spotted wilt 
Cucumber green mottle mosaic 
Gynura latent 
Noordam(1952) 
Dale (1954) 
Elmer (1957) 
Klinkowski and Schmelzer 
(1957) 
Hollings(1957) 
Hollings(1957) 
Hollings(1957) 
Mac Neill and Ismen (1960) 
Chant (1962) 
Berg (1962) 
Schade(1962) 
Mac Neill (1963) 
Silberschmidt(1963) 
Batlova -Yangulova (1965) 
Komuro e? a/. (1966) 
Trujillo and Gonsalves 
(1966) 
Inouyeefa/. (1967) 
Semancik and Weathers 
(1968) 
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Tomato ringspot 
F^ oplar mosaic 
Potato virus Xstr.XHB 
Belladona mottle 
White clover mosaic virus str. Tr S2 
LFD strain of tobacco mosaic 
A strain of tobacco mosaic 
Tomato spotted wilt 
Tomato ringspot 
Tomiato spotted wilt 
Tomato spotted wilt 
Impatiens necrotic spot 
(B) Petunia as a Systemic or Latent Host: 
Viruses which caused systemic infection in Petunia or were carried symptomlessly 
in Petunia are listed here : 
Jordovic ef a/. (1972). 
Ploaieefa/. (1977) 
Moreiraera/.(1980) 
Horvath(1981). 
Beczner and Vassanyi 
(1981). 
Oshimaefa/. (1982). 
Erkan and Yorganci (1983) 
Allen and Matteoni (1991) 
Ouf efa/. (1991) 
Aliened a/. (1993) 
Wijkamp and Peters (1993) 
Wijkampand Peters (1993) 
Virus 
Tomato mosaic disease 
Tobacco ring - spot disease 
Tobacco ringspot 
Tobacco mosaic 
Reference 
Bewley(1923) 
Priode(1928) 
Smith (1929) 
Likhit^(1929) 
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Tomato spoUed m^\ BaW ar^ d Samuel [m\) 
Tomato mosaic 
Tobacco mosaic 
Hyoscyamus virus III (Hy. 
Tobacco mosaic 
Potato rugose mosaic 
Tobacco mosaic 
Tomato mosaic 
Lucerne mosaic virus (lucerne virus 2) 
Sweet clover ringspot [melilotus alba virus) 
Delphinium stunt or witches' broom* 
Tomato spotted wilt 
A virus of peonies 
Tomato spotted wilt 
Southem Celery - mosaic (Celery virus 1) 
Potato Calico 
Tomato bunchy - top 
Ontario str. of tomato streak virus 1 
Forty - fourth Annual Report 
of Indiana Agric. Exp. Sta. 
June 30, 1931 (1931) 
Holmes (1932) 
Hamilton (1932) 
Jones (1932) 
Dykstra(1933) 
Ainsworth(1933) 
Ainsworth(1933) 
Pierce (1934) 
Henderson(1934) 
Bumett(1934) 
Pittman(1934) 
Dufr^noy(1934) 
Berkeley (1935) 
Wellman(1935) 
Porter (1935) 
Mc Clean (1935) 
Berkeley (1936) 
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Tobacco leaf curl (type A,B,C & D) 
Lucerne mosaic viruses 1, 1A & 1B 
Annual stock severe mosaic 
Cucumber mosaic 
A virus disease of tomato (Kromnel< lil<e) 
Aucklander Sfiort - Top of potatoes 
White strain of tobacco mosaic 
Cabbage ring necrosis 
Cabbage mosaic virus A 
Banana mosaic (Cucumis virus 1 group) 
Delphinium ringspot 
Datura mosaic 
Cranberry false - blossom 
Solanum virus 2 (PVY) 
Tobacco 'corcovo'/tomato 'black pest' 
(Tomato spotted wilt) 
Tomato black ring 
Alfalfa mosaic 
Pal and Tandon (1937) 
Zaumeyer(1938) 
Tompkins (1939) 
Chamberlain (1939) 
Mean (1940) 
Chamberlain (1940) 
Nakata and Takimoto (1940) 
Larson and Walker (1941) 
Walker ef a/. (1941) 
Silberschmidt and Nobrega 
(1941) 
Severin and Dickson (1942) 
Agricultural Research (1943) 
Rep. imp. Coun. agric. Res., 
Delhi, 1941-42. 
Kunkel(1945) 
Vasudeva and La! (1945) 
Delle Coste and Zabala 
(1946) 
Smith (1946) 
Berkeley (1947) 
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Marmor medicaginis H. van typicum 
M. medicaginis H. var. soiani 
A virus of tomatoes 
Cucumber mosaic 
Tomato bunchy top 
Guar top necrosis 
Unknown str.of lucerne mosaic 
A str. of cucumber mosaic 
Solanum virus 1 & 2 
A ringspot virus 
A virus of sunflower 
Red currant ringspot 
Dwarf sfirub virus of potato 
Lucerne witches' broom 
(strs. of lucerne 
mosaic) 
Turnip mosaic 
Cabbage black ringspot (Brassica virus 1) 
Rose mosaic 
Berkeley (1947) 
Berkeley (1947) 
Kramer (1947) 
Nienow(1948) 
Mc Clean (1948) 
Cooper (1949) 
Kreitlow and Price (1949) 
Watson (1949) 
Vasudevaefa/.(1949) 
Smitfi(1949) 
Traversi(1949) 
Klesser(1951) 
Sprau(1951) 
Thiird Annual Report of thie 
Common wealth of Australia 
Scientific and Industrial Res. 
Org. forthe year ending 30th 
June, 1951 (1951) 
Berkeley and Weintraub 
(1952) 
Roland (1952) 
Fulton (1952) 
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Solanum jasminoides virus 
Strain of tobacco ringspot 
Tomato spotted wilt {Lycopersicon virus 3) 
Carrot motley dwarf 
Cabbage black ringspot 
Barberry yellows 
Noordam's Chrysanthemum b virus 
Potato virus Y 
Tobacco mosaic 
Pepper vein - banding 
Eggplant mosaic 
Quebec strain of cucumber mosaic 
Tomato ringspot 
Chrysanthemum mosaic 
Raspberr^ r leaf curl 
Crotalaria juncea mosaic* 
Pushkamath(1952) 
Cheo and Zaumeyer (1952) 
Noordam(1952) 
Stubbs(1952) 
Mc Clean and Cowin 
(1952-3) 
Raychaudhuri(1953) 
Brierley and Smith (1953) 
Sakimura(1953) 
Cesaroni (1953) 
Dale (1954) 
Dale (1954) 
Berkeley and Tremaine 
(1954) 
Brierley (1954) 
Kristensen (1954) 
Chambers and Fisken 
(1954) 
Report of the Division of 
Mycology and Plant 
Pathology (1954) 
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Tomato aspermy 
Tobacco stem - mottle 
A virus of tobacco ringspot group 
Sugar beet curly top 
Scottish raspberry ringspot virus /viruses 
Tobacco ringspot 
Lucerne mosaic 
Chilli mosaic 
A strain of potato virus Y 
A strain of tobacco mosaic 
Tobacco vein - browning (M 3 str. of PVY) 
Tumip mosaic 
Lucerne witches' broom 
Cucumber mosaic 
Watercress mosaic 
Sweet potato virus B 
Beet ringspot 
Plantesygdomme i 
Danmark, 1952(1955) 
Schmelzer(1955) 
Plantesygdomme i 
Danmark, 1953(1955) 
Fulton (1955) 
Cadman(1956) 
Steere(1956) 
Quantz(1956) 
Jha and Raychaudhuri 
(1956) 
Silberschmidt(1956) 
Canova(1957) 
Klinkowski and Schmelzer 
(1957) 
Beemster(1957) 
Helms (1957) 
Hein(1957) 
Keyworth(1957) 
Sheffield (1957) 
Harrison (1957) 
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New strain of tobacco vein - browning 
(M 3 str. of PVY) 
Raspberry ringspot (Scottishi leaf curl virus) 
Datura virus 3A 
Aster yellows 
Raspberry yellow dwarf strains 
Cassava brown streak 
Cucumber mosaic 
Tobacco mosaic 
Potato virus Y str. 
Strawberry yellow crinkle 
Cfirysanthiemum virus b 
Tomato aspermy 
P str. of turnip mosaic 
Malva yellows 
Aster yellows 
Viburnum opulus mosaic disease 
Potato virus Y str. 
Schimelzer and Klinkowski 
(1958) 
Harrison (1958) 
Garga(1958) 
Protsenko(1958) 
Jha(1959) 
Lister (1959) 
Amici (1959) 
Amici (1959) 
Silberschmidt(1959) 
Jha and Posnette (1959) 
Roland (1959) 
Roland (1959) 
Tocfiihara(1959) 
Costa e^  a/. (1959) 
Protsenko(1959) 
Schimelzer and Schmidt 
(1960) 
Br^^k(1960) 
A str. of cabbage black ringspot* 
Arabis mosaic 
Bhiargava and Josfii (1960) 
Jhiaand Posnette (1961) 
25 
Two strs. of sweet cherry rugose mosaic Nyland(1961) 
(i) Mild rusty mottle 
(ii) Rasp leaf 
Arabis mosaic 
Dutch str. of potato virus Y^ 
Pfeffinger disease 
ringspot) 
Stecklenberg disease 
Tomato spotted wilt 
Watercress yellow spot 
Two strs. of cucumber mosaic 
(a) Green strain 
(b) White strain 
Tobacco ringspot 
Tomato ringspot 
Top necrosis virus of Cyamopsis 
tetragonoloba (str. of tobacco ringspot) 
Raspberry bushy dwarf 
Annual Report, East Mailing 
Research Station, 1960 (1961) 
DeBokx(1961) 
Schmid(1961) 
Red currant spoon leaf (str.of raspberry Harrison (1961) 
Baumann(1961) 
Taylorand Smith (1962) 
Spire (1962) 
Verhoyen (1962) 
McLean (1962) 
McLean (1962) 
Vermaefa/. (1962) 
Tilts (1962) 
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Raspberry vein mosaic Tiits(1962) 
Lettuce necrotic yellows Stubbs and Grogan (1963) 
Raspberry yellow dwarf Fritzsche and Schmidt (1963) 
(Arabis miosaic virus str.) 
Hops ringspot disease Schmidt (1963) 
Potato spindle tuber* Muriel and Raymer (1963) 
Tobacco mosaic Mac Neill (1963) 
Datura enation mosaic Verma and Verma, 1963 (1964) 
(str.of Datura virus 3) 
A new virus disease on chillies Mishra(1963) 
Potato yellows type III Oshima and Nemoto (1964) 
English str. of raspberry ringspot Debrot(1964) 
Almond calico Nylandand Lowe (1964) 
Cherry rugose mosaic Nylandand Lowe (1964) 
Prunus ringspot Nyland and Lowe (1964) 
Tomato black ring Bercks and Mischke (1964) 
Strains of Potato virus Y Canova and Tacconi (1964) 
Malvastrum yellow vein mosaic Rao and Vemia (1964) 
Citrus exocortis Weathers (1965) 
Petunia asteroid mosaic (Petunia str. Lovisolo et al. (1965) 
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of tomato bushy stunt) 
Potato aucuba mosaic* 
Hop virus HRM - A str. 
Cowpea mosaic 
Tomato black ring 
Tobacco mosaic 
Groundnut ringspot 
A str. of trunip mosaic 
Cherry destructive canl<er 
Citrus exocortis 
Radish enation mosaic* 
Citrus variegation 
Plum line pattern 
Citrus exocortis 
Arabis mosaic virus* 
Fla str. of citrus variegation 
Prunus latent* 
Grassy shoot 
Beet ringspot 
Tomato Black ring 
Juoand Rich (1965) 
Schmidt (1965) 
Vidano and Conti (1965) 
Ryden(1965) 
Komuro et al. (1966) 
Klesser(1966) 
Stace - Smith and Jacoli (1966) 
Novak (1967) 
Weathers ef a/. (1967) 
Tochihara(1968) 
Catara and Grasso (1968) 
Paulsen and Fulton (1968) 
Weathers and Greer (1968) 
Roland (1968) 
Gamsey(1968) 
Proeseler(1968) 
Singh and Rao (1969, in R.P.P.) 
Roland (1969) 
Roland (1969) 
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Sugarcane grassy shoot 
Citrus ringspot* 
Citrus variegation 
Alamanda ring - spot disease 
(str. of CMV) 
Chrysanthemum mild mottle 
An isometric virus of opuntia 
Eggplant mottled dwarf 
Artichoke Italian latent 
Tomato spotted wilt 
Strs. of Potato virus Y 
Amaranthus mosaic disease 
Pepper veinal mottle 
Tomato aspermy 
Tobacco ringspot 
Tomato ringspot 
Singh (1969) 
Desjardins et al. (1969) 
Grasso(1969) 
Sllberschmidt and Herbas (1969) 
Tochihara(1970) 
Casper etal. (1970) 
Martelliand Rana(1970) 
Majorana and Rana (1970) 
Vlasov and Antonov 1967 (1970) 
Lee (1970) 
Ramakrishnan et al. (1971) 
Brunt and Kenten (1971) 
Mokra(1971) 
Kowalska(1971) 
Ryden(1972) 
Yellow spot mosaic (str. of alfalfa mosaic) Conti et al. (1972) 
Tomato spotted wilt Inouye and Inouye (1972) 
Datura virus Yaraguntaiah and Govindu (1972) 
Necrotic str. of tobacco mosaic Vela (1972) 
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RNA from citrus exocortis disease Semancik e^  a/. (1973) 
Alliaria mosaic Papa etal. (1973) 
Potato spindle tuber Singh (1973) 
Grapevine leaf roll Tanne etal. (1974) 
Broad bean wilt Gracia and Feldman (1976) 
Two strs. of tobacco rattle Was (1978) 
(a) Stable str. 
(b) Unstable str. 
Tomato aspermy Chuyan and Krylov (1979) 
Strains of tumip mosaic 
Apple stem grooving* 
Yellow str. of tobacco rattle 
Tomato leaf curl virus strs. 1-5 
Solanum nodiflorum mottle 
Hungarian Datura innoxia mosaic 
Belladona mottle 
Cucumber mosaic 
Potato virus Y 
Tombusvirus cherry str. 
German grapevine str. 
* * • - ^ Prochazkova(1980) 
Sawamura and Osada (1980) 
Dijkstra and Dijke (1981) 
Reddye^a/. (1981) 
Greber(1981) 
Peraltaefa/. (1981) 
Horvath(1981) 
Horvath(1981) 
Horvath(1981) 
Koening and Kunze (1982) 
Koening and Kunze (1982) 
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A str. of tobacco mosaic 
Asparagus vims II 
Bidens mottle 
Poppy mosaic 
Poplar mosaic 
Cucumber green mottle mosaic* 
Str. of cucumber mottle mosaic 
Watercress chlorotic leaf spot* 
Arabis mosaic 
Tomato golden mosaic 
Tobacco mosaic 
Erkan and Yorganci (1983) 
Fujisawaefa/. (1983) 
Logan and Zettler (1984) 
Turkoglu and Fidan (1984) 
Xiangefa/. (1984) 
Wang and Chen (1985) 
Chen and Wang (1986) 
Tomlinson and Hunt (1987) 
Beliardi and Tacconi (1987) 
Petty ef a/. (1988) 
Keglerefa/. (1993) 
( * ) These viruses have been reported to cause latent infection in petunia. 
3. Miscellaneous Properties or Reactions of Petunia to Different Viruses : 
Petunia has been reported to show different cytological irregularities and other 
qualities against the viruses, of which it is a host. 
Alfalfa mosaic virus : 
Conti etal. (1972) reported side - by - side loose aggregates of long filamentous 
particles of yellow spot mosaic virus, a strain of alfalfa mosaic virus, generally near the 
nucleus and also in the nuclei. 
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Arabis mosaic virus : 
The virus on petunia was identified in the root tips 4 days after inoculation and in 
the middle of the roots after 6 days. Xiphinema diversicaudatum takes up the virus first 
from the root tips and later from the middle of the roots (Fritzsche, 1975). It reached 
maximum concentration on the 8-9th day after inoculation (Smrika, 1991). 
An improved method wax given by Valdez (1972) to study the transmission of arabis 
mosaic virus by X. diversicaudatum to P. hybrida. He found that there was a relation in 
development of infection and amount of inoculum. Joint attacks of arabis mosaic virus and 
nematodes inhibited the growth of Petunia sp. plants more than virus or nematode alone 
and the time of appearance of virus symptoms was not affected by nematodes, but 
symptoms became intensified (Fritzsche, 1970). The amount of extractable virus was 
reported to be greater from mycorrhizal than that from non-mycorrhizal plants (Daft and 
Okusanya, 1973). This might be due to the higher phosphate concentration in mycorrhizal 
plants, because virus production was also enhanced in non-mycorrhizal plants if they were 
given phosphate. Significant changes in esterase activity in P. hybrida plants occurred 
both after infection by arabis mosaic nepovirusand after mechanical injury compared with 
the healthy, non-injured plants (Wiesnerand SmrCka, 1990). 
Fritzsche (1970) reported that if inoculum made up of crushed mites mixed with 
infective sap was used, the virus was inhibited strongly on petunia. Eggs of mites (2 days 
old), were also inhibitory. 
Broad beam wilt virus : 
Gracio and Feldman (1976) isolated for the first time this virus from Sisymbrium 
irio and Piantago lanceolata in Argentina. Electron microscopy of ultrathin sections of a 
leaf of P.tiybrida infected with this virus revealed a crystalline inclusion in the nucleus. 
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Cherry leaf roll virus : 
Jones and Duncan (1980) reported that purified preparations of the two sedimenting 
nucleoprotein components (M and B) of strains of cherry leaf roll virus from elderberry (G) 
and from rhubarb (R) had little infectivity alone, whereas mixtures of homologous 
components were very infective. Systemic infection and symptom production in P. hybrida 
required both M and B components from strain R. 
Citrus exocortis virus : 
Fazio et al. (1977) obtained the best results on grinding young infected Citrus 
limonia leaves in the presence of dry ice, suspending in 0.1 M phosphate buffer with 2% 
nicotine and 0.1 M ascorbic acid (pH 8.5), inoculating the roots of young P. hybrida plants 
and replanting them in pots. Transmission was 33% in 28 days. 
Cucumber mosaic virus : 
Mishra and Srivastava (1971) reported that the maximum number of fungi were 
found on leaves of Croton bonplandianumand petunias. Initial infection by CMV and one 
or more unidentified viruses decreased with increasing virus intensity. 
Shimomura and Ohashi (1971) found thatformation of local lesions were suppressed 
in heated petunia leaves infected with CMV and treated with actinomycin D. 
Grapevine fan leaf virus : 
In P. hybrida, the virus particles formed small aggregates in the cytoplasm and also 
occurred Inside the tubules within the cell wall and its protrusions, indicating cell to cell 
movement of the virus (Saric and Wrischer, 1975). 
Petunia mosaic virus : 
The phloem cells of midribs and lateral veins of leaves of the diseased petunia 
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plants contained inclusions resembling the trypanosome - like bodies (Kotila and Coons, 
1923). In living epidermal and hair cells of petunia showing a rapid streaming of the 
cytoplasm the vacuolate bodies exhibited two movements: a translation through the cell 
and a change of form. The latter is interpreted as resulting from a combination of the effect 
of the force exerted on the mobile body by the streaming protoplasm and the apparent 
changes in form due to its turning over the streams. These intracellular vacuolate bodies 
and plate - like crystals were both relatively highly resistant to the action of formalin, HCI, 
HNO3, and both were similarly soluble in KOH. The only difference was that the crystals 
were soluble in 10-95 per cent alcohol and 1-10 per cent acetic acid, whereas the 
vacuolate bodies were soluble only in 95 per cent alcohol (Smith, 1926). Therefore, she 
considered that the vacuolate and granular bodies are associated directly with the causal 
agency of mosaic rather than with the chlorosis, which results from the presence of the 
virus. These bodies do not represent the causal agency, but are the product of a reaction 
between it and the cytoplasm. 
Aminuddin and Singh (1985) reported that virazole (ribavirin) and dyestuffs gave 
a higher percentage of virus - free plants in vitro of P. hybrida than petiole explants 
produced without these chemicals or through meristem culture. Although virazole and 
malachite green were both effective, yet their continuous presence was required to 
maintain healthy plants. 
Poplar mosaic virus : 
No morphological difference were found between a German and a Dutch isolate of 
poplar mosaic virus when preparations were made by the dip method from poplar and P. 
hybrida. The normal lengths of the elongated particles were 671 and 668 nm respectively 
(Brandes, 1963). 
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Potato virus X : 
Shimomura and Ohashi (1971) reported that there was no formation of lesions in 
heated petunia plants infected with PVX and treated with actinomycin D. 
Raspberry ring spot virus : 
Bujas and Mili&6 (1969) found that all 3 strains of RRV viz. Pfeffinger virus, Ribes 
virus and Scottish strain 4B7 induced cell inclusions in P. hybrida plants and it was the 4th 
NERO virus to produce x bodies in its host. Simultaneous infection by virus and nematode 
reduced the growth of P. hybrida plants more than did either parasite alone and masked 
the typical yellow ringspots caused by the virus on the leaves (Fritzsche and Thiele, 1974). 
Raspberry yellow dwarf virus : 
The virus induced amorphous inclusion bodies in the epidermal cells of P. hybrida 
(Schade, 1960). 
Rhubarb mosaic virus : 
Schade (1960) reported amorphous inclusion bodies in the epidermal cells of P. 
hybrida infected with this virus. 
Tobacco mosaic virus : 
Beale (1937) obtained crystalline tobacco virus protein by using Stanley's method 
from Petunia sp. plants affected with ordinary tobacco mosaic. These crystals were 
transformed into needles when dilute sulphuric, hydrochloric, acetic, or nitric acid, or 
saturated magnesium sulphate solutions were added to the mounts of living diseased 
tissues. Particles of TMV and inclusions were also present in xylem vessels of petunia 
leaves (Fedotina, 1964). 
Ohashi and Shimomura (1971) reported thatTMV inoculated leaves of the systemic 
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hosts Xanthi and Samsun tobacco and petunia developed local lesions when immersed 
2 days later in hot water (50°C) for 2 min. 
Hosokawa and Mori (1982) reported that the mother cells of both pollen and 
embryo sac originate from the virus - free floral meristem and fertilization of virus - free 
gametes may produce virus - free embryos. 
TMV particles were not detected in the apical meristem of the floral bud, in anther 
until pollen became differentiated, at the stage of embryo sac fomnation in ovule and in 
pollen tube by electron microscopic studies. At flowering time, virus multiplied abundantly 
in tissues of the stigma and style. Virus particles also became detectable in an ovule tissue 
4 days after flowering and thereafter in the ovule integument or seed coat ( Hosokawa 
and Mori, 1983). 
Ballas et al. (1988) found that liposomes may act as vehicle for transfer of TMV -
RNA into plant protoplasts. Liposomes composed of phosphatidylcholine (PC) and 
cholesterol, and bearing the hydroxyl form of quaternary ammonium detergent 
diisobutylcresoxyethyl dimethyl benzylammonium, were ableto mediate functional transfer 
of TMV - RNA into tobacco and petunia protoplasts. It was revealed by the appearance 
of specific capsid polypeptides within 48 h after transfection. The transfer of TMV - RNA 
with the aid of liposomes was achieved by 2 methods: (1) TMV - RNA was enclosed within 
large unilamellar liposomes and incubation of such liposomes with plant protoplasts 
resulted in transfer of the enclosed RNA into recipient protoplasts , and (2) a complex 
formed between liposomes and externally added (non-enclosed) TMV-RNA. This method 
gave maximum transfection. 
Marchoux etal. (1983) inoculated P. axillaris, P. tiybrida, P. inflata, P. parodii, and 
P. violacea with a TMV str. and found that all gave hypersensitive reactions or systemic 
infection and the spp. and lines showed differential behaviourtowards a given TMV strain, 
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while the different strains induced specific reactions in the given line. 
Intracellular fluid extracted from the apoplastic leaf spaces of Petunia sp. lines and 
hybrids infected by strain SM^ of TMV contained six new soluble proteins called d 
proteins ( d 0 to d 5) (Nicoud et al., 1988). Electrophoretic studies revealed that d 
proteins can be divided into groups and they show a genetic variability similar to the 
pathogenesis related PR (b) proteins in tobacco. Patterns of the d proteins from Petunia 
interspecific hybrids showed that theirdeterminants are sexually transmitted as Is the case 
of tobacco b proteins. 
Tobacco ring-spot virus : 
Woods (1933 and 1934) found intracellular inclusion bodies in the cells of the 
primaryand systemic lesions of ring - spot in Pefun/a sp.andin tobacco. The bodies were 
uniform, spherical or oval, densely granular, vacuolate, and contained numerous minute 
apparently crystalline, cuboidal bodies, staining vividly with safranin. The bodies were 
considered to represent the formation and accumulation of certain materials in the 
cytoplasm of the diseased cells which generally congregated near the nucleus. The 
cytological, and histological changes caused by the virus depend on the age of the 
affected tissues. In mature leaves, both in primary and systemic lesions, the changes 
consisted of disintegration of the chloroplasts, modification of the cytoplasm resulting in 
Increased permeability of the protoplast, and followed by degeneration of the nucleus. 
Sometimes, little or no plastid disintegration occurred before the death of the cell. 
Sometimes, hypertrophy and lack of differentiation of some of the leaf cells near the 
necrotic areas were observed in systemic lesions formed on young leaves. 
Tobacco spotted wilt virus : 
Best (1936) reported that a fluorescent substance was produced round primary 
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spotted wilt lesions on Nicotiana glutinosa, P. hybrida, potato leaves and occasionally on 
tomato leaves. 
Tomato golden mosaic virus : 
Phenotypically normal petunia plants carrying chromosomal inserts of eitherTGMV 
A or B component DNA, as single ortandem inserts, were obtained using an Agrobacterium 
tumefaciensJl plasmid - based transformation system (Rogers et al., 1986). Southern 
hybridization analysis revealed that the tandem, direct repeat A plants contained free 
single and double stranded A component DMAs. No free B component DNA was detected 
in plants carrying tandem repeats of the B component. Progeny of self - fertilized plants 
appeared normal. One quarter of the progeny from tandem A by tandem B plant crosses 
showed chlorotic lesions on their leaves similar to virus symptoms. 
Tomato spotted wilt virus : 
Selman (1964) reported that when upper surface of stnps of petunia leaf were 
inoculated mechanically with TSWV the application of kinetin to the lowersurface reduced 
the number and size of local lesions. Lesion production was increased by glucose alone, 
but reduced by glucose and kinetin mixture. When kinetin was mixed with infective sap, 
lesion production was unaffected. An increase in water content of the leaf strips also 
increased lesion formation and the effect of kinetin was most marked at high water 
contents. 
N-6 benzyladenine (BA) also decreased the number of local lesions (Aldwinckle 
and Selman, 1967) and more so when the compounds were taken up through the 
petioles of whole leaves. 
Turnip mosaic virus : 
Three types of virus structure were obsen/ed in thin sections of infected leaves of 
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petunia (Hayashi et al., 1965). Particles were arranged in a parallel manner in a fibrous 
mass, or closely arranged in a dense band, or formed a filamentous ring. The particles 
always occurred in the cytoplasm. 
Yellows type virus : 
Gibberellin - like substances were found in all tobacco, tomato, and petunia plants 
infected with yellows type virus disease (Budagyan etal., 1967). 
Inhibitory property of petunia : 
Singh (1972) reported that extract of Petunia hybrida\o\a\\y inhibited the infection 
of papaw by papaw leaf reduction virus. The inhibitory components occur mostly in young 
leaves and they are thermolabile, resist dilution, ageing and drying in vitro and 
centrifuging at 3000 rpm for 1 h, were partially dialyzable and caused most inhibition at 
acidic pH (5 - 7). 
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MATERIALS 
AND 
METHODS 
MATERIALS AND METHODS 
In this Chapterthe relevant details of the materials used and the methods generally 
applied are given. 
Raising and l\1aintenance of Plants : 
The plants were grown in clay pots of 4" and 6" diameter filled with a mixture of soil, 
sand and compost in the ratio of 2:1:2. The soil mixture was sterilized by autoclaving at 
a pressure of 20 lb per square inch for 2 h. The pots were sterilized by rinsing with 4% 
formalin solution. The seedlings were raised in shallow pots of 10" diameter and 
transplanted singly in small pots when they were about 2 weeks old. Plants belonging to 
family Cucurbitaceae and Leguminosae were raised by directly sowing in 6" pots. For 
inoculation the plants were used 2-3 weeks after transplantation and kept in an insect 
proof glass house at a temperature of 25-30°C. 
Culture of Virus Isolate : 
Leaves of young, naturally infected plants of petunia {Petunia hybrida Vilm.) 
showing yellow mosaic, shortening of leaves, dwarfing of plant,and flower colour 
variegation were macerated in mortar with pestle with simultaneous addition of phosphate 
buffer (0.1 M, pH 7.0). The slurry thus obtained, was squeezed through double layered 
cheese cloth and centrifuged at 5,000 rpm for 10 min. Culture of the virus was maintained 
by usual mechanical inoculation on Nicotiana tabacum cv. Jayasri at 3-4 leaf stage. 
To avoid any possible contamination, the sap obtained from N. tabacum cv. Jayasri 
plant showing symptoms, was inoculated to Chenopodium amaranticolor, a local lesion 
host of the virus. The lesions developed after 4-5 days were excised singly and macerated 
on glass slides separately with the help of a glass spatula in a drop of phosphate buffer 
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(0.1 M, pH 7.0) and then inoculated separately to young N. tabacum cv. JayasrI plants. 
From one of these plants the culture was further maintained. 
Disease Incidence : 
To monitorthe incidence of the disease, petunia plants grown in Aligarh district, were 
sun/eyed during November, 1992 to March, 1993. Disease incidence was calculated by 
the following formula: 
No. of plants showing symptoms „ , „ „ 
% disease incidence = -——r , . , \ \,— XI00 
Total no. of plants observed 
Transmission : 
Different methods of transmission were employed to acertain the spread of virus in 
nature. 
By Sap Inoculation : 
Young infected leaves of N. tabacum cv. Jayasri showing symptoms prominently 
were macerated in a mortar with pestle with the addition of phosphate buffer (0.1 M, pH 
7.0) using 2 ml of buffer for each gram of leaf tissues. The slurry was squeezed through 
double layered cheese cloth and centrifuged at 5,000 rpm for 10 min. The supernatant 
thus obtained has been termed as Standard Inoculum (SI) in further tests. 
Inoculations were made as usual by mechanical sap inoculation method i.e. by 
rubbing the forefinger dipped in theSI on the uppersurface of 2-3 basal leaves of the plants 
lightly and uniformly predusted with carborundum (500 mesh). The inoculated leaves were 
rinsed by a gentle stream of water after 2-3 minutes of inoculation. 
By Aphids : 
Three species of aphids. Aphisgossypii G\o\/., BrevicorynebrassicaeL and Myzus 
persicae Sulz., were used for the tests. These aphids were bred on appropriate hosts as 
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mentioned below: 
S.No. Aphid species Host 
1. Aphis gossypii Glov. Cucumis sativus 
2. Brevicoryne brassicae L. Brassica oleracea var. capitata 
3. MyzuspersicaeSu\z. Nicotiana tabacumcv.. Anand-2 
Rearing of Aphids: 
Two to four adult apterous aphids starved for 6 fi were placed on a healthy leaf kept 
in a petridish on a moistened filter paper. Young nymphs produced by such aphids served 
as the parents for initiating the colony on healthy plants maintained in cages of 90 x 90 
X 90 cm. Fresh young colonies were maintained by transferring them regularly at every 
15 days inter\'als to young healthy plants. 
Transmission : 
To ascertain the mode of transmission by the aphids i.e. either persistent or 
non-persistent following procedures were employed. 
Persistent: 
The nymphs collected from the fresh healthy colony, with the help of moistened tip 
of a Camel's hair brush type A, No. 1, in batches of 8-10 were allowed 24 h acquisition 
feeding on diseased leaves followed by an inoculation feeding period of 48 h on healthy 
seedlings of test plants without being given any pre-acquisition starvation period. The 
seedlings were covered with cages. The inoculation feeding was terminated by spraying 
the plants with 0.2% monocrotophos, insecticide. These test plants were kept in an insect 
proof glass house to observe the development of symptoms. Back inoculations from each 
plant were made to local lesion host l.e.Chenopodium amaranticolor. 
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1. Acquisition access period - 24 h 
2. Inoculation access period - 48 h 
3. Number of aphids/plant - 10 
Non-Persistent: 
The nymphs collected were starved for 2-3 h in a petridish having the inner surface 
covered with a wet piece of filter paper before allowing them an acquisition feeding period 
of 1 -2 min on the leaf of diseased plant. After this, the nymphs were transferred to healthy 
seedlings of test plant. The seedlings were covered with cages for an inoculation feeding 
period of 24 h. The aphids were killed by spraying the insecticide after the end of 
inoculation feeding period and the plants were kept inan insect proof glass house. Back 
inoculations from each plant were made to C.amaranticolor. 
1. Pre-acquisition stan/ation period - 2-3 h 
2. Acquisition access period - 1-2 min 
3. Inoculation access period - 24 h 
4. Number of aphids / plant - 10 
By Whiteflies : 
Breeding of Virus-free Whiteflies : 
Whiteflies {Bemesia tabaci Genn.) collected from the field were caged on healthy 
N.tabacum cv. Jayasri plants for egg laying. After 10-12 days the adults were removed 
from the cage. New whitefly adults developed after 7-8 days (in summer) were further 
multiplied. The transfer of generation of whiteflies to such a series of host plant made them 
virus free. 
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Handling of Whiteflies : 
Procedure of Rathi and Nene (1974) was followed for the handling of whiteflies. 
Starvation period - 2 h 
Acquisition access period - 24 h 
Inoculation access period - 24 h 
Number of whiteflies/plant - 10 
By Dodder: 
Two species of dodder viz. Cuscuta chinensis Lan. and C. reflexa Roxb. were trained 
on healthy N. tabacum cv. JayasrI and these plants were then inoculated with SI by usual 
mechanical sap Inoculation method after dodder had established on them. After 10-15 
days of inoculation, the stems of dodder were placed and allowed to train on healthy 
seedlings of N. tabacum cv. Jayasri plants which were placed near the Infected ones 
having dodder established on them. These plants were kept in an insect proof glass house 
for observation of symptoms for two months. Back inoculations from dodder inoculated 
plants were made to C. amaranticolorXo ascertain the presence of the virus. 
By Soil : 
Soil was collected from around the root zones of virus infected petunia plants and 
sieved to remove roots, debris etc. The soil was divided In to two parts. One part was 
autoclaved at 20 lb pressure for 2 h which served as control and the other part left as 
such.Healthy seedlings of plants, to be tested, were transplanted in autoclaved and 
unautoclaved soil separately contained In pots. These plants were kept in an insect proof 
glass house for observation of symptoms. Back inoculations from each plant were made 
to C. amaranticolor\o ascertain the presence of virus. 
44 
Through Seed : 
Seeds collected from both healthy and infected petunia, some Nicotiana spp, and 
Datura metel were sown separately in autoclaved soil in sterilized pots in an insect proof 
glass house. The new emerging plants were observed f ortwo months for the development 
of symptoms. Back inoculations were made to C. amaranticolorXo ascertain the presence 
of virus. 
Host Rangci and Symptomatology : 
Several species of plants belonging to different families were screened for the 
susceptibility of the virus by mechanical inoculation using standard inoculum (SI). At least 
five plants of each species/ cultivarat 3-4 leaf stage were inoculated and thesame number 
of plants were left as control. Plants were observed till two months after inoculation for 
development, sequence and severity of symptoms.Back inoculations from all plants 
including those which did not show any visible symptoms were made to C. amaranticolor 
to work out the latent infection, if any. 
Selection of Local Lesion Host: 
The SI was inoculated on various local lesion hosts found in host range studies. The 
most suitable of them which reacted with clear, discrete, and good number of local lesions 
was selected. 
Standardization of Local Lesion Host for Virus Assay : 
Standard inoculum (SI) was used in the following experiments. Lesions were 
counted 4-5 days after inoculation. Relative number of local lesions was calculated with 
the following formula: 
r^ , ,. ^ ,, . Total no. of lesions on treated leaves ., . „ „ 
Relative number of lesions = ; X 100 
Total no. of lesions on control leaves 
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Effect of Pre-inoculation Darkening : 
Twenty plants of local lesion host (C. amaranticoloi) of the same age and size were 
trimmed to have six fully expanded leaves and divided into four groups of five plants each. 
First group of plants was l<ept under normal day light conditions, while other groups were 
given 24,48 and 72 hours darkening periods respectively. The plants, after inoculations 
were kept in an insect proof glass house for observation. 
Effect of Post-inoculation Darkening : 
Four groups of five plants each with six fully expanded leaves of same age and size 
were inoculated with the SI. The first group of plants was kept under normal conditions 
in an insect proof glass house, while second, third and fourth groups were kept in a dark 
chamber for 24,48 and 72 hours respectively. The plants after specified periods were 
transferred to an insect proof glass house for observation. 
Effect of Detopping : 
Two groups consisting of five plants each of same age and size, with each having 
sixfully expanded leaves, were selected. The apex of the first group of plants was removed 
while the apex of second group of plants was kept as such and served as control. All the 
plants were inoculated with SI and kept in an insect proof glass house for observation. 
Properties of the Virus In Plant sap : 
Bio-physical Properties : 
Techniques as detailed by Noordam (1973) were employed for ascertaining dilution 
end point (DEP), thermal inactivation point (TIP) and longevity in vitro. Studies were 
carried out on local lesion host i.e. C. amaranticolor. 
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Purification : 
Selection of Propagation Host: 
To select the appropriate plant species / cultivars for maximum virus concentration, 
various systemic hosts were selected and mechanically inoculated with SI. Fifteen plants 
of each species were inoculated with SI. 
These inoculated plants were assayed for active virus after an interval of 2 days up 
to 30 days of inoculation on local lesion host (C. amaranticoloi). The inoculum was made 
from young apical leaves and the local lesions were counted after4-5 days of inoculations. 
Concentration of Virus in Different Parts of Suitable Propagation Host: 
Ten plants of propagation host inoculated 12-14 days earlier were uprooted 
carefully, washed and dried on blotting sheets. The root, stem and leaf tissues were cut 
into small pieces separately. Sap was extracted from equal amounts of root, stem and leaf 
tissues in phosphate buffer(0.1 M, pH 7.0) using 2 ml buffer foreach gram of tisues. Five 
plants of C. amaranticolorhaVmg six leaves each were inoculated with each sample and 
the local lesions were counted, when appeared, for comparison. 
Standardization of Extraction Medium : 
Effect of Buffers : 
Various buffers (acetate, borate, citrate, citrate phosphate and phosphate) at 
different pH values but having the same molarity (0.1 M) were tested. The buffers were 
prepared by the method of Gomori (1955) and the pH of the buffers was measured by 
ELICOpH meter. Model LI-10. 
Sap obtained by macerating the young infected N. tabacum cv. Jayasri leaves in 
each buffer mentioned above, separately was inoculated on local lesion host. A buffer, at 
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the pH in which virus infectlvity was comparatively higher, was selected and used regularly 
for extracting the virus under study. 
Effect of Molarity: 
After determining the most suitable buffer with suitable pH value, different molarities 
of the same buffer at that particular pH, were tried with a view to assess their suitability 
for extraction. 
Effect of Additives: 
Various reducing and chelating agents were added to the SI to find out their effect 
on virus Infectlvity. The additives were added either alone or, in combination with others. 
Following additives were used : 
(1) Ethylenediamine tetra acetic acid (EDTA) 
(2) Sodium diethyl dithlocarbamate 
(3) Sodium sulphite 
Clarification of Extract: 
By Organic Solvents : 
Standard inoculum (SI) was mixed with organic solvents (butanol, carbon 
tetrachloride and chloroform) separately and in combination in varied concentration. The 
mixture was stirred for fifteen minutes at 4°C. The aqueous layer was separated by low 
speed centrifugation (10,000 rpm for 10 min) and assayed on C. amaranticolor p\ar\\s. 
Precipitation of Virus with Polyethylene Glycol (PEG): 
Precipitation of virus from clarified extracts was tried using 2,4,6 and 8 per cent 
polyethylene glycol (MW 6,000) separately, with or without 0.1 per cent sodium chloride 
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(NaCI). Afterthe addition of requisite amount of PEG and NaCI to the clarified extract, the 
mixture was stirred for one hour and after stirring the mixture was kept for half an hour at 
4''C in a refrigerator for precipitation. The precipitate was pelleted by centrifuging the 
mixture at 1(D,000 rpm for 10 min. 
The pellet obtained in each case was dissolved in extraction buffer and centrifuged 
at 10,000 rpm for 10 min. The supematant was collected and assayed on C. amaranticolor 
plants for comparison of virus infectivity. 
Differential Centrifugation : 
Differential centrifugation was applied to concentrate the virus and get rid off the 
impurities. Ultracentrifugation of different samples was done in a model L7-65 R Beckman 
preparative uftracentrifuge using rotortype 60 Tl. Normally high speed centrifugation was 
done at 30,000 rpm for2h and the lowspeed centrifugation at 10,000 rpm for 10 min. The 
pellet obtained after high speed centrifugation was dissolved in extraction buffer and the 
supernatant obtained after each lowspeed centrifugation was assayed on C. amaranticolor 
for determining the virus infectivity. 
Density Gradient Centrifugation : 
Linear sucrose gradient columns were prepared by the method of Brakke (1960) 
using 40, 30, 20 and 10% sucrose solutions prepared in extraction buffer. Gradient 
columns were prepared by layering 7,7,7 and 4ml of 40,30,20 and 10% sucrose solutions 
respectively in 1x3" tubes. The heaviest solution was layered first and solutions of 
decreasing concentrations were layered on top of each other. The tubes were kept 
overnight in a refrigerator at 4°C to get a linear gradient. 
Next day, 2 ml freshly prepared partially purified virus suspension was loaded on 
each tube with the help of LKB-Varioperex pump and centrifuged at 23,000 rpm in 
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swinging bucket rotor (SW 24.1) for 2 h in a Beckman L7-65 R ultracentrifuge. The tubes 
were taken out after centrifugation and examined in a dark room by projecting a narrow 
beam of lighit from the top. The light scattering band (virus zone) was removed from the 
tubes by a 20 gauge 10 cm long needle bent twice at right angles and attached to a 
hypodermic syringe. The sample thus obtained was diluted with phosphate buffer (0.05 
M, pH 7.0) and the virus pelleted by high speed centrifugation (30,000 rpm for 2 h). The 
pellet obtained was resuspended In phosphate buffer (0.05 M, pH 7.0) and centrifuged 
at low speed (5,000 rpm for 10 min). The supernatant, thus obtained was purified virus 
preparation and was inoculated on C. amaranticolorior detennining the infectivity of the 
virus. 
UV Absorption Spectrum: 
The purified virus preparations obtained after density gradient centrifugation were 
screened in a CE 594 Double Beam Spectrophotometer after diluting it suitably. 
Absorbance (A) of samples were recorded in UV range. Correction for light-scattering, 
however, was not done. Values of A^^A^.^, ^^J^IBO ^"^ %c/^ 26o ^^""^ determined. 
Spectral curves (absorbance v/s wave length) were plotted by taking the values from k^^ 
to A33„. 
Determination of Molecular Weight of Virus Protein by SDS - PAGE : 
SDS-PAGE was performed essentially, according to the method of Laemmli (1970) 
using slab apparatus manufactured by biotech India. Concentrated stock solutions were 
mixed in the appropriate order and proportions to give a final acrylamide concentration 
of 15% for lower gel (resolving gel) and 5% for upper gel (stacking gel). Lower acrylamide 
gel solution was then poured into the mold formed by two glass plates (8.5 x 10 cm) 
separated by 1 mm thick spacers. Bubbles and leaks were avoided. It was then left as such 
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at room temperature for about 30 min so that polymerization may occur. Then after 
polymerization, the upper acrylamide gel solution was poured over the lower gel. A comb 
providing a template for 7 sample wells was inserted in to the upper gel solution before 
polymerization began. When the polymerization was complete in about 30 min, the comb 
was removed and wells were overlaid with the running buffer (tris glycine buffer, pH 8.3) 
Virus was dissociated by heating for 2 min in boiling water bath in the presence of 
0.05 M phosphate bufferpH 7.0 containing 0.2% (w/v) SDS and 1 % (v/v) 2-mercaptoethanol. 
Samples containing 10-20 i^g of viral protein (known by taking UV absorption at 280 nm 
wavelength) mixed with equal volume of sample buffer (containing 10% glycerol, 0.062 
M Tris HCI pH 6.8,2% SDS, bromophenol blue and 5% 2- mercaptoethanol) were applied 
to the wells of the slab gel. 
The following polypetides mixture was also loaded in one well of the slab gel for 
determination of standard semilogarithmic graph: 
Polypeptide Molecular weight 
Heavy chain 200 kD 
Actin 42 kD 
Troponin 35 kD 
Tropomyosin 34 kD 
Light chain 1 27 kD 
Troponin 1 24 kD 
Light chain 2 19 kD 
Electrophoresis was performed at 10 mA till the tracking dye reached the bottom of 
the gel. After the electrophoresis was complete, the gel was stained for protein in 0.1% 
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Coomassie Brilliant Blue R-250,10% acetic acid, 40% methanol solution for4-5 h. Excess 
dye was removed by destaining the gel in solution containing 7% acetic acid, and 10% 
methanol. 
Molecular weight of the virus coat protein was calculated using the known molecular 
weight protein markers. To calculate the relative mobilities, the following formula was used 
„ . . .... , „ „ Distance of protein migration 
Relative mobility (Rf)= ^ -Distance of tracking dye migration 
Characteristics of Viral Nucleic Acid : 
Isolation of Viral Nucleic Acid : 
The nucleic acid was isolated by phenol - chloroform method. Phenol and chloroform 
were prepared as detailed by Maniatis etal. (1982). 
Purified virus solution was extracted with a mixture of phenol - chloroform (1:1) 
followed by another extraction with chloroform only. 
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2 ml of virus preparation + 2 ml mixture of phenol-chloroform (1:1) 
Mix the content on a mixer till an emulsion forms i 
Centrifuge at 16,00 g for 3 min 
Phenol phase Aqueous phase i i 
discard Add chloroform and mix on a mixer i 
Centrifuged at 16,00 g for 3 mIn 
^ 1 
Chloroform phase Aqueous phase 
i i 
Discard Add 2.5 volumes of chilled ethanol 
i 
Keep overnight at - 20°C 
centrifuge at 15,000 g for 30 min. 
Z 1 
Supernatant Pellet 
Discard Suspend in distilled water 
(Viral nucleic acid) 
The infectivity of viral nucleic acid was tested on C. amaranticolor{\oca\ lesion host) 
and was compared with that of the virus. 
Type of Nucleic Acid : 
The type of nucleic acid contained in the virus was determined by orcinol (Shatl<in, 
1969) and diphenylamine (Burton, 1956) tests for RNA and DNA, respectively. 
Orcinol Test: 
Orcinol reagent was prepared by adding 100 mg of orcinol and 100 mg of ferric 
chloride (FeClj.e H^ O) in 100 ml of concentrated hydrochloric acid (HCI). One ml of freshly 
prepared orcinol reagent was added to 1 ml of nucleic acid preparation. The mixture was 
placed in boiling water bath for 45 min and observed for the development of colour. 
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Diphenylamine Test: 
Diphenylamine reagent was prepared by mixing 1 g of Diphenylamine in 100 ml of 
glacial acetic acid and 2.75 ml of sulphiuric acid (HjSOJ. One ml of suitably diluted nucleic 
acid preparation was mixed with 2 ml of diphenylamine reagent and heated at 60°C for 10 
min to obseive the development of colour. 
Physiochemical Properties of Virus : 
Determination of RNA Percentage in Virus : 
The RNA percentage in the virus was determined by the method described by Gibbs 
and Harrison (1976). They related the ratio of Aggg/Aggo of purified viruses to their RNA 
percentage giving a quadratic regression cun/e. It was calculated by using the formula : 
AZSABO = 0-'9320 + 0.0454 (RNA%) - 0.0006 (RNA %f 
Determination of Extinction Coefficient of Virus : 
Extinction coefficient (E °^ °'° ) which is the optical density of a 1 cm colump of 1 mg/ 
ml preparation of purified virus, is correlated with RNA percent. Gibbs and Harrison (1976) 
demonstrated a linear regression relationship between the extinction coefficient at 260 
nm of purified virus preparation and the RNA per cent. Extinction coefficient can also be 
represented by the formula : 
E?^ °''°= 1.531 + 0.205 (RNA%) 
I cm ^ ' 
Determination of Density of Virus and its Partial Specific Volume (V) from RNA 
Percentage of Virus : 
Buoyant density of virus was calculated using the standard quadratic regression 
curve and also by the following formula (Gibbs and Harrison, 1976): 
Density = 1.2922 + 0.0011 (RNA %) + 0.0001 (RNA %Y 
The partial specific volume (V) being reciprocal to buoyant density was also 
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calculated from the above density value. 
Electron Microscopy: 
Morphology of Virus Particle : 
A small drop of the clarified virus preparation was placed on a collodion coated 
carbon-backed filmed copper grid. After two minutes, the excess of sample was drained 
by touching the grid edge with Whatman No. 1 filter paper. The grid was then stained with 
2% (w/v) aqueous uranyl acetate solution for 90 sec. The samples were alternatively 
stained with 2% (w/v) phosphotungstic acid in identical manner as described above. The 
grids so prepared were screened under a JEOL-JEM-100 S electron microscope. The 
normal length (NL) of the particles was calculated by determining the arithmetical mean 
from the main maximum of the length distribution of virions. 
Ultrastructural Studies : 
Young infected leaves of N. tabacum cv. Jayasri were collected after 10-12 days of 
inoculation for the purpose of ultrastructural studies. The leaf area exhibiting the 
symptoms were cut into pieces of 1 x2-3 mm and immersed in 3% glutaraldehyde solution 
in 0.05 M phosphate buffer pH 7.0 in small injection vials. After 6 h, the fixative 
(glutaraldehyde) was drained out and the leaf pieces were washed twice with phosphate 
bufferat an interval of half an hourto remove glutaraldehyde. Osmium tetraoxide solution 
(1 %) in 0.05 M phosphate bufferpH 7.0 was then poured overthe leaf pieces in vials. Vials 
were covered with aluminium foil and allowed to stand for 2 h. The osmium tetraoxide 
solution was carefully taken out and the leaf pieces were washed with distilled water. The 
pieces were then dehydrated in graded series of acetone as follows : 
(1) 30% Acetone 10min 
(2) 50% Acetone 10min 
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(3) 
(4) 
(5) 
70% Acetone 
95% Acetone 
100% Acetone 
10 min 
10 min 
30 min 
T^wo changes each of 30 min) 
The leaf pieces, after dehydration, were cleared in propylene oxide, by giving two 
changes of 30 min each. Then propylene oxide was substituted with 1:1 mixture of epoxy 
resin and propylene oxide and the leaf pieces were left in this mixture for 2 h.Mixture of 
Spurr's epoxy resin was prepared as follows : 
Resin, i.e.. Vinyl cyclohexene dioxide (VCD) 10 ml 
Hardner, i.e., Nonenyl succinic anhydride (NSA) 26 ml 
Flexibilizer, i.e., Diglycidyl ether of polypropylene glycol (DER 736) 06 ml 
Accelerator, i.e., Dimethylaminoethanol (DMAE) 0.4 ml 
Resin, hardner and flexibilizerwere first thoroughly mixed and then accelerator was 
added and mixed properly. 
The aluminium caps were then taken off the vials, and propylene oxide was allowed 
to get evaporated. After 8 h, the resin mixture in vials was replaced with fresh resin mixture 
and vials left for another 4-10 h. The properly Infilterated leaf pieces were then embedded 
in fresh resin mixture in gelatin capsules orienting them suitably fortransverse sectioning. 
The capsules in proper holders were transferred to an oven set at 70°C for curing of the 
resin mixture. The properly cured blocks were ready after 24 h. They were then trimmed 
ons of silverinterferencecolour(i.e.ca. 70-80 nm) obtained with the help 
Nova. The section ribbons were lifted on copper grids. The sections on 
andultrathiinsecti 
of LKB Ultratome 
grids were then Stained as follows : 
(a) Saturated Alcoholic Uranyl Acetate : 
This soluticjn was prepared by dissolving excess of uranyl acetate in 50% ethanol 
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followed by bentrifugation at 6,000 rpm for 10 min. The supernatant was filtered 
through Whatman No.1 filter paper. Drops of this stain were placed on parafilm on 
slides,and sections on grids were immersed in them and left for 30 min at room 
temperature. The sections were then rinsed thoroughly in 50% ethanol and two lots 
of distilled water. The grids were then drained and further stained with lead citrate 
as given below: 
(b) Lead Citrate Solution : 
This solution was prepared according to the method described by Reynolds (1963) 
and as deta led below : 
In a 50 ml volumetric flasl< 1.33 g of lead nitrate and 1.76 g trisodium citrate 
were poured, then 30 ml of COj free distilled water (glass distilled water) was added 
and the mix:ure was shaken at intervals for about 30 min. On mixing a thick white 
precipitate appeared which was dissolved by adding 8 ml of 1N NaOH solution 
prepared in carbon dioxide free distilled water and the volume was made to 50 ml 
with carbon dioxide free distilled water. The solution, thus obtained, was centrifuged 
at 6,000 rpm for 10 min to sediment any left over precipitate and the supematant was 
filtered through Whatman No.1 filter paper. 
Drops of the lead citrate solution were placed on parafilm on slides in 
petridish containing pellets of sodium hydroxide to provide a carbon dioxide (COj) free 
atmosphere. The sections on grids previously stained with uranyl acetate were floated on 
these drops for' 0 min. They were then washed thoroughly in 0.1 N NaOH followed 
by distilled water, drained, dried and screened under electron microscope, JEOL - JEM 
-lOOSataOKV 
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Serology : 
Raising of Antisera : 
Partially purified virus preparation obtained afterdifferential centrifugation was used 
as antigen for immunization of rabbit. Healthy male albino rabbit approximately 3 lbs in 
weight and six months old was used. One intravenous injection in ear followed by two 
intramuscular injections in to thigh were given one week apart to an albino rabbit using 
1 ml partially purified virus preparation per injection. For intravenous injection, virus 
preparation was injected into the external marginal vein of the ear formerly shaved and 
rubbed with xylene to avoid contamination and appearance of clearvein.Forintramuscular 
injection, virus preparation (1ml) was emulsified with an equal volume of Freund's 
incomplete adjuva|nt (Difco Lab., U.S.A.). The emulsion was divided into two parts and 
injected into each thigh of the rabbit. 
Blood was collected from the ear that was not used for injection by giving sharp 
incision after 20, iso and 60 days of final injection. About 15-20 ml of the blood was 
collected at a time and allowed to coagulate for 2 h at room temperature (20 ±5°c) and 
kept in a refrigerator for4-6 h. Then, the serum was decanted and clarified by centrifugation 
(5000 rpm for 5 min). The straw yellow coloured supematant was collected and stored in 
sterile small ampules by adding few crystals of sodium azide (NaNg). 
Serological Tests: 
Homologous Relaction : 
Tube Precipitin Test: 
Serial two fold dilutions of both antiserum and antigen were prepared using 0.85% 
saline buffer (0.Q5M phosphate buffer pH 7.0 containing 0.85% NaCI) as diluent. For 
antigen end point, 0.5ml each of a series of two fold dilutions of the antigen was put in a 
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separate narrow glass tube and to each tube 0.5 ml of undiluted antiserum was added. 
Then, the tubes were immersed partially in a water bath at 37°C. Similarly, for antiserum 
end point, 0.5 ml of each lof a series of two fold dilutions of the antiserum was put in glass 
tubes and to each tube 0j5 ml of antigen of a constant dilution was added. Then, the tubes 
were immersed partially in a water bath at 37°C. The formation of precipitate and intensity 
was observed using a nhagnifying glass. 
[ 
I 
Ouchterlony Gel Double Diffusion Test: 
I 
I 
Ouchterlony agarf gel double diffusion test (Ouchterlony, 1948,1958 and 1962) was 
used to determine antigen - antibody reaction. The tests were carried out in sterilized 
disposable petridishes|( 100 x 15 mm) using different combinations of viral antigen and gel 
media. The agar gel plates were then incubated in a humid chamber at room temperature 
and observed after 24 and 48 hours. 
( 
I Preparation of Agar Gel Media : 
I 
I 
Agar gel mediator immunodiffusion tests were prepared by the following methods 
[ 
I 
[ 
I 
[ 
(a) One gram of agar (w/v) in phosphate buffer (0.1 M, pH 7.0) 
I 
( 
(b) One gram ageir (w/v) in phosphate buffer (0.1 M, pH 7.0) containing 0.02% (w/v) 
sodium azide|(NaN3). 
[ 
I 
(c) One gram ag^r (w/v) in phosphate buffer (0.1 M, pH 7.0) containing 0.85% (w/v) 
sodium chlorjde (NaCI). 
I 
[ 
(d) One gram a^ar (w/v) in phosphate buffer (0.1 M, pH 7.0) containing 0.85% (w/v) 
NaCI and rio (w/v) SDS. 
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Preparation of Viral Antigjen 
Antigens used in immunodiffusion tests were prepared in tfie following ways: 
[ 
I 
(a) Virus particles suspended in phosphate buffer (0.05 M, pH 7.0). 
I 
[ 
I 
(b) Virus particles suspended in phosphate buffer (0.05 M, pH 7.0) containing 
I 
0.8% (w/v) NaCI. ; 
(c) Virus particlejs susfjended in distilled water containing 1% (w/v) SDS. 
Heterologous Reactioris: 
For determining tHe serological relationship of the virus, various antisera of the 
viruses having similar particle morphology were tested againstthevirusunderinvestigation. 
I 
I 
The reactions were cal'ried out using Ouchterlony gel double diffusion test in plastic 
I 
petridishes. The gel mjedium was prepared by melting 1 g agar In 100 ml of 0.1 M 
I 
phosphate buffer pH '7.0 and 0.02% sodium azide. The antigen was prepared by 
I 
suspending virions In 0.05 M phosphate buffer pH 7.0. 
I 
I 
I 
The sources of fintisera to different viruses used are given below : 
Viri^ s 
[ 
I 
Bean common,mosaic virus (BCMV) 
I 
Bean yellow nr^ 'osalc virus (BYMV) 
I 
I 
Tobacco etch yirus (TEV) 
Turnip mosaic virus (TuMV) 
Papaya ringspot poty virus (PRSV) 
Potato virus A (PVA) 
Potato virus V (PVV) 
I 
Potato virus'Y(PVY) 
Source 
Dr. A. Samad 
CI MAP, Lucknow, India 
Dr. V. P. Gupta, CSRTI 
Mysore, India 
Dr. I. D. Garg 
CPRI, Shimla (India) 
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Immunosorbent Electrcfn Microscopy (ISEM): 
Preparation of Antiserunrl Dilutions : 
I 
I 
I 
The different antisera were diluted with saline to bring down their microprecipitin titre 
I 
to 1:250 and then further biluted to a microprecipitin titre of 1:2.5. 
[ 
[ 
Trapping of Virus Particles : 
I 
I 
I 
Freshly prepared collodion - coated carbon - backed filmed copper grids were 
I 
floated film side down oh 0.05 ml drops of diluted antiserum and incubated in a humid 
I 
chamber for 20 min at foom temperature. Grids were then, washed with 30 drops of 
I 
distilled water and drained by touching their edge with Whatman No. 1 filter paper. The 
grids were then immediately floated film side down on 0.05 ml drops of partially purified 
I 
virus suspension and incubated in a humid chamberat 37°C for 1 h. The grids were again 
washed with 30 drops o^  distilled water, drained by touching theiredge with Whatman No. 1 
I 
I 
filter paper and immediately floated on drops of 2% aqueous uranyl acetate solution for 
I 
30 sec. Now the grid^ were finally drained and allowed to air dry. In the same way as 
I 
I 
described above, the'control (preimmune serum coated) grids were prepared. The grids 
I 
so prepared were screened under JEOL-JEM-100 S electron microscope at 80 KV. 
I 
Decoration of Virus Particles : 
After trapping the virus particles on antiserum coated grids as described above, the 
grids were again floated on the same antiserum with the same dilution and incubated at 
37°C for 1 h! The drids were then washed with 30 drops of distilled water, drained by 
touching their edgfe with filter paper and immediately floated on 2% aqueous uranyl 
I 
I 
acetate solution. Tljie grids were then finally drained and air-dried and screened underthe 
electron microscope. 
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Estimation of Trapped Pe^ rticle Number: 
I 
Trapped virus particljes were counted in 10 random viewing fields on tlie grids for 
each virus-antibody combination as well as for control grids. The amount of trapping 
I 
[ 
(trapping intensity) by eabh antiserum was expressed as an increase factor over the 
[ 
[ 
number of particles on the corresponding preimmune serum coated grid and was 
calculated by dividing theinumber of particles counted on the antiserum-coated grid by the 
I 
[ 
number of particles counted on the corresponding preimmune serum coated grid (Roberts 
efa/., 1984). 
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RESULTS 
RESULTS 
4.1 Natural Symptoms: 
Naturally infected plants of petunia {Petunia hybrida Vilm.) showed yellow mosaic 
symptoms on leaves. Veins of the leaves also became yellow. At advanced stage of 
infection, plants showed reduction in size of newemerging leaves, stunting of stem, floral 
abnormalities such as streaks on the petals, crumpled floral buds, crumpled and papery 
petals and fewer flower formation (Fig . 1 and 2 b). 
4.2 Disease Incidence: 
The survey for assesment of the incidence of yellow mosaic disease of petunia 
during the season 1992-93 revealed that the disease incidence from seedling stage to 
flowering stage ranged between 15.47 to 32.19 per cent. A perusal of table -1.0 and fig. 
3 reveals that there is a gradual increase in disease incidence. Young plants are more 
susceptible to infection. As plants matured the incidence of disease appeared to 
decrease. 
4.3 Transmission : 
4.3.1 By Sap : 
The virus causing yellow mosaic disease of petunia and designated as petunia 
yellow mosaic virus (PYMV) was readily transmitted by sap prepared in 0.1 M phosphate 
buffer pH 7.0 from petunia to petunia and several othersusceptiblehosts.The transmission 
of disease was 90 -100 per cent by sap inoculation using carborundum (500 mesh) as 
an abrasive. 
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Petunia hybridaVWfT).: Naturally infected plant showing yellow mosaic symptoms 
on leaves and stunting of plant. 
(a) P. hybrids Vilm,. : Healthy plant with flowers. 
(b) P. hybrida Vilm.: Infected plant with mosaic, variegation in colour of flower, and 
deformed buds. 
Rj-I 
Pf^.Z 
Table -1.0 - Incidence of yellow mosaic disease of petunia at different stages of plant 
growth during the season 1992-93 
Date of 
observation 
15 Nov., 1992 
1 Dec, 1992 
15 Dec, 1992 
1 Jan., 1993 
15 Jan., 1993 
1 Feb., 1993 
15 Feb., 1993 
1 Mar., 1993 
15 Mar., 1993 
Number of plants 
observed 
1488 
1468 
1474 
1473 
1460 
1438 
1428 
1420 
1382 
Number of 
diseased plants* 
12 
59 
144 
228 
451 
463 
416 
397 
320 
Percentage of 
diseased plants 
0.806 
4.019 
9.76 
15.47 
30.89 
32.197 
29.13 
27.95 
23.15 
*Observations based on apparent symptoms on leaves. 
4.3.2 By Aphids : 
Three aphid species viz. Aphis gossypiiG\o\/., Brevicoryne brassicaeL. and Myzus 
persicae Sulz. were used for transmission studies. Experiments were designed to 
determine the manner of transmission, if the virus is transmitted by the aphids used. 
Petunia and Nicotians tabacum cv. Jayasri were used as donor and recipient hosts, 
respectively. Ten aphids per plant were used in this study. Back inoculation from each 
plant to C. amaranticolorwas made to confirm the presence or absence of the virus. 
The results of the experiment given in table -1.1 show that the virus causing yellow 
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Fig. 3 : Disease incidence during 15 Nov.J992 to 15 IVIar., 1993. 
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Table - 1.1- Transmission of Petunia yellow mosaic virus (PYMV) from petunia to N. 
tabacum cv. Jayasri using three different aphid species 
Acquisition 
feeding time 
Inoculation 
feeding time 
Aphis gossypii 
No. of 
plants 
infected 
Percent 
trans-
nfilssion* 
Brevicoiyne brassicae 
No. of 
plants 
infected 
Percent 
trans-
mission* 
Myzus persicae 
No. of 
plants 
infected 
Per cent 
trans-
mission* 
1 min 1 min 0 70 
2 min 2 min 0 20 
3 min 3 min 0 0 
4 min 
5 min 
1 h. 
2h 
4h 
6h 
12h 
24 h 
36 h 
48 h 
4 min 
5 min 
10 min 10 min 
20 min 20 min 
30 min 30 min 
1 h 
2h 
4h 
6h 
12 h 
24 h 
36 h 
48 h 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
* Results based on 3 expriments with 10 plants each. 
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mosaic is transmitted by only one aphid species viz. Myzus persicae Sulz. in a non 
persistent manner. B. brassicae and A. gossypiido not transmit the disease either in a 
persistent or non - persistent manner. 
Myzus persicae S[i\z. transmits the disease within 1 min of inoculation feeding time 
given to them on healthy plants and is about 70% but as the inoculation feeding time is 
increased, they lose their capability to transmit the virus which clearly suggests that the 
virus under investigation is transmitted in a non-persistent manner by Myzus persicae 
Sulz. 
4.3.3 By Whiteflies : 
Whitefly, Bemisia tabaciGenn. failed to transmit the PYMV (petunia yellow mosaic 
virus) even afterincreasing the numberof whiteflies perplant up to 30. Neither N. tabacum 
cv. Jayasri plants showed any symptom 30 days after inoculation access period nor they 
gave positive results on back inoculation to C. amaranticolor plant to show the presence 
of virus. 
4.3.4 By Dodder: 
Two species of dodder viz. Cuscuta chinensis Lam. and C. reflexa Roxb. were used 
in an attempt to transmit the virus understudy from diseased N. tabacum cv. Jayasri to 
healthy N. tabacurr) cv. Jayasri plants and also to healthy petunia plants. None of the 
plants showed any symptom even after one month of establishment of dodder plants and 
no virus could be recovered in back inoculation test to C. amaranticolor Uom dodder 
inoculated plants. Thus, it appears that petunia yellow mosaic virus is not transmitted by 
dodder, but no generalization can be made as only two species of dodder were tried. 
4.3.5 By Soil: 
Twentyseedlingseachof heaWhy Petunia tiybrida, Nicotianaglutinosa, N. tabacum 
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cv. Jayasri, N. tabacumcv. Harrison's Special and Datura mete/were transplanted in soil 
collected from and around the PYMV infected petunia plants in the field. Neither these 
plants showed any symptom even after two months of transplantation nor they gave 
positive results on back inoculation tests carried out on C. amaranticolorplants. Thus, it 
appears that petunia yellow mosaic virus is not transmitted through soil. 
4.3.6 By Seed : 
The seeds collected from infected Petunia hybrida, Nicotianaglutinosa, N. tabacum 
(cv. Jayasri, Harrison's Special and CTRI Special) and Datura mete/plants were tested 
for possible seed transmission. None of the plants showed any extemal apparent 
symptoms northey gave positive results forthe presence to viruson back inoculation tests 
carried out on C. amaranticolor plants. Thus, it appears that petunia yellow mosaic virus 
is not transmitted through seeds. 
4.4.1 Host Range and Symptomatology : 
To investigate the experimental host range of PYMV, various species and cultivars 
of plants belonging to different families were inoculated mechanically using the sap 
prepared in 0.1 M phosphate buffer pH 7.0 from infected N. tabacum cv. Jayasri plants. 
Back inoculations from all inoculated plants were made on C. amaranticolor plants to 
ascertain the presence of virus. Results are summarized in table -1.2 and some of the 
symptoms evoked on different plant species are shown in f ig. 4 to 26. 
Out of 72 plarU species distributed in 16 families, inoculated 19 species distributed 
in 6 families were infected. Visible symptoms were evoked on 17 plant species. Two 
species viz. Calendula officinalis and Raphanussativussho\Ned no visible symptoms but 
virus could be recovered from these hosts. 
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Table -1 .2 : Symptoms on the plants belonging to different families by mechanical sap 
inoculation 
Family / Plants Local symptoms Systemic 
symptoms 
Back inoculation 
Asteraceae 
Calendula officinalis L. 
cv. Double Mixed 
Brass icaceae 
Raplianus sativus L. 
cv. Pusa Reshami 
Chenopodiaceae 
Beta vulgaris 
saccharifera L. 
Necrotic local lesions, later 
coalesce and leaves die off 
Chenopodium 
album I. 
Yellow coloured lesions, 
later changed to dark brown 
coloured necrotic areas 
C. amaranticolor 
Coste & Ryne. 
Yellow coloured areas 
encircling necrotic pin head 
type lesions. 
C. murale L. Necrotic lesions 
C. quinoa L. Necrotic lesions 
Cucurbitaceae 
Cucumis sativus L. 
cv. Pointsetee 
Green and yellow nnosaic + 
Papilionaceae 
Vigna mungo L. 
cv. KU 300 Discrete local lesions (DLL) 
cv. KU - 308 DLL 
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cv. KU-309 
cv. UPU - 95-2 
DLL 
DLL 
cv. AVZ-1 Pusa9631 
cv. HUM -1 C4-AVT-1 
cv. HUM - 7 AVT-1 
cv. HUM - 8 AVT-1 
cv. Pusa 9332 
cv. Pusa 9372 
cv. Pusa 9531 
Solanaceae 
Datura metell. 
DLL 
DLL 
DLL 
DLL 
DLL 
DLL 
DLL 
-
Lycopersicon lycopersicum 
(L.) Karsten 
Mosaic, puckering of leaves, 
and in advance condition + 
fern like leaves 
cv. Punjab Chhoara Vein yellowing with light green + 
mosaic 
cv. Punjab Kesari Vein yellowing with light green 
mosaic + 
Nicotiana glutinosa L. Mosaic mottling and + 
reduction of leaves 
N. occ/denfa/Zs Wheeler 
N. plumbaginifolia Viv. 
Mosaic + 
mosaic and in advance stage + 
necrosis occur and plants die 
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N. rustica L. 
N. tabacum L. 
cv. Anand - 2 
cv. Bhopali Pakra 
cv.CTRI Special 
Mosaic,malformed (eaves, + 
and plants remain stunted 
Light green mosaic and leaves + 
become papery and deformed 
New leaves show blister like + 
patches 
Mosaic, deformed leaves + 
and necrosis along the 
veins 
cv.GT - 4 
cv. Harrison's Special 
Mosaic and deformed leaves + 
Mosaic, deformed leaves, + 
and plant stunted 
cv. Jayasri 
cv.Samsun 
Mosaic 
Mosaic, deformed leaves and + 
apical necrosis in older 
leaves 
Physalis peruviana L. Light yellow mosaic with + 
distortion of leaves 
Solarium nigrum L. Green mosaic, puckering of + 
leaves and stunting of 
plant 
(-) - On back inoculation, no local lesion development. 
(+) - On back inoculation, local lesions develop. 
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(a) Beta vulgaris saccharifera L. : Healthy leaf. 
(b) Inoculated leaves showing necrotic local lesions. 
5 (a) Chenopodium album L :HeaWr\y \eat 
(b) lnoculatedleav€)S showing yellow coloured lesions later changed to dark brown 
coloured necrotic areas. 
6. C. amaranticolorCoste & Ryne.: Inoculated leaf showing yellow coloured areas 
encircling necrotic pin head type lesions. 
f^'f 
R3. 5 
Fi^. « 
(a) C. morale L. : Healthy leaf. 
(b) Inoculated leaf shiowing necrotic local lesions. 
8. (a) C. quinoa L. : Healthy leaf. 
(b) Inoculated leaf showing necrotic local lesions. 
Cucum/s saf/Vus L.; infected plant showing green and yellow mosaic symptoms 
on new emerging leaves. 
a b 
Fig. 7 
'^•3 8 
Hj- 9 
10 (a) Vigna mungo L. : Healthy leaf. 
(b) Inoculated leaf showing discrete local lesions. 
11. Vigna sinensis L. : Inoculated leaf showing discrete brown coloured local 
lesions. 
12. (i)(a) Datura metelL : Healthy leaf. 
(b) Infected leaf showing mosaic, and puckering of leaf. 
Fi^ . U(i) 
(ii) Infected plant showing mosaic and fern - like leaves. 
13. Lycopersicon lycopersicum (L.) Karsten: Infected plant showing vein yellowing 
with light green mosaic. 
14. Nicotiana glutinosa L. : Infected plant with mosaic, mottling and reduction of 
leaves. 

15. (a) /v. occ/de/ifa//s Wheeler: Healthy leaf, 
(b) Infected leaves showing mosaic. 
16. N. plumbaginifolia Viv. : Infected plant showing mosaic and necrosis of the 
plant. 
17. (a) /v. rusfca L.: Healthy plant. 
(b) Infected plant with mosaic, deformed leaves, and stunting of stem. 
R3- 1^ 
F,^ .16 
Fij. n 
18. N. tabacum L. cv. Anand - 2 : Infected plant with light green mosaic, and 
deformed leaves. 
N. tabacum L. cv. Bhopali Pakra : Infected plant with blister like patches. 
20. N. tabacum L. cv. CTRI Special: Infected plant with mosaic, deformed leaves, 
and necrosis along the veins. 
F(g. 19 
F-g-18 
^ ^ ^ ^ ^ ^ ^ ^ ^ 5 1 ^ ^ ^ r ^ ^ ^ 1 
f'f '^ " 
21. N. tabacum L. cv. GT-4 : Infected plant with mosaic, and deformed leaves. 
22. N. tabacum L. cv. Harrison's Special: Infected plant showing mosaic, deformed 
leaves, necrosis of leaves, and stunted growth. 
23. N. tabacum L. cv. Jayasri: Infected plant with mosaic. 
^'3 id. 21 
^.-
4-I 
.^ V 
H 
'^ '5- 22 
?ig. 23 
ift r 
24. N. tabacum L. cv. samsun : Infected plant showing mosaic, deformed leaves, 
and apical necrosis in older leaves. 
25 (a) Physalis peruviana L.: Healthy plant. 
(b) Infected plant with mosaic and distortion of leaves. 
26. Solanum nigrum L. : Infected plant with mosaic, puckering of leaves and 
stunting of plant. 
f.^.Z'. 
fig. Z6 
4.4.2 Non Hosts : 
The plants that did not show any systemic or local symptoms, and the virus was not 
recovered from these plants on back inoculation to C. amaranticolor aher 60 days are 
listed below: 
Amaranthaceae 
Amaranthus caudatus L. cv. Red Leaved 
Celosia cristata L. cv. Suttons Superb Mixed 
Gomphrena globosa L. 
Apiaceae 
Apium graveolens L. cv. White Solid 
cv. White GME 
Coriandrum sativum L. 
Daucus carota L. cv. Pusa Kesar 
Petroselenium chspum Hill. cv. Imperial Curie 
Apocynaceae 
Catharanthus roseus (L.) G. Don. cv. Pure White 
Asteraceae 
Ageratum maxicanum S\ms. cv. Blue Mink 
Chrysanthemum indicum L. 
C. morifolium Ramat. 
Cosmos bipinnatus Cav. cv. Double Mixed. 
Dahlia rosea Cav. cv. Dwarf Mixed 
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cv. Large Flowered Mixed 
Helianthus annuus L. 
Launaea aspleniifolia Hook. 
Tegetes erecta L. cv. Super Pelide FM 584 
cv. Dainty Marietta 
T. petula L. 
T. minuta L. 
Xanthium strumarium Rafin. 
Zinnia elegans Jacq. cv. Suttons Giant Double Mixed 
Brassicaceae 
Brassica campestris L. 
B. oleracea L. var. botrytis cv. Snow Ball 
cv. Early Market. 
B. oleracea L. var. capitata cv. Glory 
cv. Pride of India 
cv. Express 
B. oleracea L. var. gemmifera cv. SPR Express 
6. rapa L. cv. Purple - Top - White 
Caryophyllaceae 
Dianthus caryophyllus L. cv. Double Mixed 
Chenopodiaceae 
Spinacea oleracea L. 
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Kochia aphylla R. Br. cv. Childsi 
Convolvulaceae 
Convolvulus major L. cv. Mixed 
Cucurbitaceae 
Benincasa hispida Savi, 
Citrullus vulgaris Schrad. cv. Sugar Baby 
cv. Black Boy. 
C. vulgaris fistulosus Schrad. cv. Dilpasand 
Cucumis melo L. cv. Lucknow Sweet 
CucuriYita maxima Duch. cv. Large Red 
Lagenaria vulgaris Ser. cv. Pusa Summer Prolific Long 
Luffa cylindrica (L.) Roem. 
Momordica charantia L. cv. Poona Long Green 
Trichosanthes anguina L 
Lamiaceae 
Salvia occidentalis Swartz. 
Liliaceae 
Alium cepa L. cv. Red Globe 
Malvaceae 
Althea rosea (L.) Gav. cv. Double Mixed 
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Si da cordifolia L. 
Abelmoschus esculentus (L.) Moench. cv. Pusa Sawani 
Papilionaceae 
Pisum sativum L. 
Lattiyrus odoratus L. cv. Mixed 
Polemoniaceae 
Phlox Carolina L. cv. Mixed 
Solanaceae 
Capsicum annuum L. cv. Cluster Suryamukhi 
cv. G - 4 
cv. PC - 2 
cv. Trupti 
Datura stramonium L. 
Nicotiana clevelandii Gray. 
N. fragrans Hook. 
Soianum meiongena L. cv. Black Beauty 
cv. Pusa Purple Cluster 
cv. Pusa Purple Long 
cv. Pusa Purple Round 
Verbenaceae 
Verbena tiybrida L. cv. Tall Mixed 
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4.5 Selection of Local Lesion Host: 
Five Icoal lesion liosts of the virus isolate viz. Beta vulgaris saccharifera L. 
Chenopodium album L., C. amaranticolor Coste and Reyn., C. quinoa L. and C. murale 
L. were compared to select the most suitable one. The inoculum was prepared from 
infected N. tabacum cv. Jayasri and local lesions were counted 4-5 days after inoculation 
(table-1.3andfig. 27). 
On the basis of data presented in table- 1.3 and fig. 27, it is apparent that C. 
amarantlcolorp\ants gave the best results as the local lesions produced were the highest 
in numberin comparison to others. Besides the lesions produced on the other hosts, have 
the tendency to coalesce very quickly and the time required forthe appearance of discrete 
lesions was more. The lesions produced on C. amaranticolorwere discrete and countable 
very easily earlier than others. On the basis of these results C. amarantlcolorwas found 
to be the most suitable local lesion host for the assay of petunia yellow mosaic virus and 
was used in all studies. 
Table -1.3 : Number of local lesions on different local lesion hosts of PYMV 
Local lesion hosts Average number of local lesions/leaf* 
Beta vulgaris saccharifera 08 
Chenopodium album 18 
C. amaranticolor 68 
C. quinoa 16 
C. murale 15 
* Average number of local lesions/leaf based on 5 plants with each having six fully 
expanded leaves. 
4.6 Standardization of Local Lesion Host for Virus Assay : 
Experiments were carried out to determine the best conditions for appearance of 
maximum number of local lesions on C. amaranticolor leaves by PYMV. The factors 
include pre and post inoculation darkening and detopping of the plants. Data have been 
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A- Beta vulgaris saccharifera. 
B- C. album 
C- C.amaranticolor 
D- C.quinoa 
E- C. murale 
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Fig. 27: Average number of local lesions / leaf on 
different local lesion hosts of PYMV. 
incorporated in tables 1.4 to 1.6. 
Table -1.4: Effect of pre - inoculation darkening on the number of local lesions of PYMV 
Pre-inoculation 
darkening 
No darkening (control) 
24 h 
48 h 
72 h 
Average number of 
local lesions/leaf* 
41 
68 
52 
40 
Relative number of 
local lesions 
100.00 
165.85 
131.14 
97.56 
* Average number of local lesions / leaf based on 5 plants of C. amaranticolorhaVmg six 
leaves each. 
Table -1.5 : Effect of post - inoculation darkening on the number of local lesions of PYMV 
Post-inoculation 
darkening 
Average number of 
local lesions/leaf* 
Relative number of 
local lesions 
No darkening (control) 
24 h 
48 h 
72 h 
71 
62 
50 
39 
100.00 
87.32 
70.42 
54.92 
* Average number of local lesions/leaf based on 5 plants of C. amaranf/co/or having six 
leeaves each. 
Table -1.6 : Effect of detopping on the number of local lesions of PYMV 
Condition Average number of local lesions/leaf* 
Apex removed 
Apex intact 
63 
72 
* Average number of local lesions / leaf based on 5 plants of C. amaranticolor\)a\/\ng six 
leaves each, 
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It is apparent from the table -1.4 that there is 31 to 65 per cent increase in the local 
lesion number when plants are exposed to darkness for 48 and 24 hours respectively 
before inoculation, f^ re - inoculation darkening of the plants for 72 h, however, resulted 
in decreased number of local lesions. 
Post-inoculation darkening, as evident from table - 1.5, resulted in reduction of 
number of local lesions.In short duration treatment (24h), however, the effect was less 
pronounced, while in prolonged treatment (48 and 72 h) the lesion number was reduced 
to the extent of 47 per cent. Detopping of plants (Table -1.6), however, does not cause 
so much difference in development of local lesions. 
4.7 Properties of the Virus in Plant Sap : 
Johnson (1927) for the first time suggested the use of parameters such as thermal 
inactivation point (TIP), dilution end point (DEP) and ageing in vitro in the identification of 
plant viruses. Study of these characters gives an idea about the stability, concentration, 
and other properties of the virus in the plant sap, and provides inforamtion about the best 
environment in which to keep the virus and maintain its infectivity. Although these studies 
have restricted value (Ross, 1964), they are of utmost importance in determining the 
procedure for the purification and characterization of a vims. 
Studies on these properties were carried out using N. tabacumcv. Jayasri as donor 
host of the virus and tests were made on local lesion host,C. amaranticolor. 
4.7.1 Dilution End Point (DEP): 
Several dilutions using phosphate buffer (0.1 M, pH 7.0) were prepared from the 
crude sap. Each dilution was tested on local lesion host, C. amaranticolor. The virus in 
crude sap was found to be infectious up to a dili^on of 10"^  but no local lesions were 
f 
developed when the sap was diluted to 10'* (table -1.7) JTIt^refore, the dilution end point 
^ ' • • , 
: v • 
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(DEP) of the virus Wes between 10"^  and 10^ 
Table - 1 . 7 : Effect of dilution of sap on the infectivity of PYMV 
Dilution Number of local lesions/leaf* 
Undiluted 67 
10-1 38 
10-2 14 
10-3 04 
10-^  0 
10-^  0 
10-« 0 
10-^  0 
*Average number of local lesions/leaf based on 5 plants of C. amaranticolor having 6 
leaves each. 
4.7.2 Thermal Inactivation Point (TIP): 
Ten aliquots of crude sap of 5 ml each were exposed separately in thin walled test 
tubes to specific temperatures for 10 min. The samples, after treatment were cooled 
immediately and tested on C. amaranticolor\o evaluate infectivity. The PYMV In crude sap 
was found to be infectious after being heated for 10 min at 55°C but it was inactivated at 
60°C (Table-1.8). 
Therefore, the TIP of the virus is between 55 and 60°C. 
4.7.3 Longevity in Vitro (LIV): 
Two samples of 25ml each of crude sap obtained from infected N. tabacum cv. 
JayasrI leaves, were kept in sterilized glass vials.One was kept at room temperature 
(20±5°C) and the other in a refrigerator (4°C). Each sample was assayed on 
C. amaranticolorai\er a specific feriod of storage (table -1.9). 
The data given in table -1.9, shows that the virus retained its infectivity in crude sap 
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till 78 h at room temperature (20+5°C) and 114 h at 4°C. No infectlvity was observed 
beyond these periods. 
Table -1.8 : Effect of temperature on tfie stability of PYMV in sap 
Temperature 
inoc 
Number of local lesions/leaf* 
Room temperature (20 ± 5°C) 63 
40 41 
45 28 
50 16 
55 3 
60 0 
65 0 
70 0 
75 0 
80 0 
85 0 
90 0 
* Average number of local lesions / leaf based on five plants of C. amaranticolorha\/\ng 
six leaves eachi. 
4.8 Purification : 
4.8.1 Selectioin of Propagation Host: 
Four hiosts of the virus isolate infecting petunia viz. Nicotiana glutinosa, N. rustica, 
N. tabacum cv. Jayasri and N. tabacum cv. CTRI Special were compared with regard to 
virus concentration at different times after inoculation. The plants were mechanically 
inoculated and assayed for virus concentration at different intervals after inoculation on 
C. amaranticolor {Table - 2.0 and fig. 28). 
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Table -1.9: Effect of storage on infectivity of PYMV in plant sap at room temperature and 
4°C 
Storage in hours Average number of local lesions/leaf* 
Room temperature 
(20±5°C) 
4''C 
00 
6 
12 
18 
24 
30 
36 
42 
48 
54 
60 
66 
72 
78 
84 
90 
96 
102 
108 
114 
120 
126 
132 
67 
67 
65 
59 
51 
46 
42 
37 
30 
24 
16 
11 
9 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
67 
67 
66 
62 
58 
52 
48 
44 
39 
35 
31 
27 
22 
18 
15 
14 
10 
8 
5 
1 
0 
0 
0 
* Average number of local lesions / leaf based on 5 plants of C. amaranticolor having six 
leaves each. 
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after low speed centrifugation were assayed on C. amaranticolorior compansion of virus 
infectivity (table - 2.3 and fig. 31). 
Table - 2.0 : Concentration of PYMV in different hosts at different days after inoculation 
Days after 
inoculation 
Average number of local lesions / leaf on different hosts 
N.glutinosa N.rustica N.tabacum 
CM. Jayasri 
N.tabacum 
cv.CTRI Special 
Immediately 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
00 
00 
02 
09 
16 
24 
32 
36 
44 
49 
54 
59 
63 
63 
59 
51 
47 
39 
30 
00 
00 
00 
04 
18 
26 
31 
38 
45 
52 
60 
65 
68 
61 
56 
49 
42 
36 
28 
00 
02 
13 
30 
42 
55 
62 
72 
71 
68 
62 
56 
48 
41 
35 
29 
24 
20 
20 
00 
00 
00 
02 
08 
16 
22 
34 
40 
49 
56 
62 
57 
48 
38 
32 
28 
21 
17 
* Average number of local lesions / leaf based on 5 plants of C. amaranfco/orhaving six 
leaves each. 
It is clear from the table -2.3 and fig. 31 that the extraction of virus from infected 
leaves in 0.05 M phosphate buffer pH 7.0 gave the higher infectivity. 
Thus 0.05 M phosphate buffer pH 7.0 is used for extracting the virus and maintaining 
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Fig. 28 - Concentration of PYMV in different hosts at 
different periods after mechanical inoculation 
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glutinosa 
N.rustica N.tabacum 
cv. Jayasri 
N.tabacum 
cv. CTRI 
Special 
It is apparent from the table - 2.0 and fig. 28 that the virus under consideration 
attained maximum concentration In about24 days, following inculation in N. glutinosaan6 
N. rustica. But in N. tabacum cv. CTRI Special the maximum concentration was reached 
22 days afterinoculation. However, the maximum concentration of the virus in N. tabacum 
cv. Jayasri was reached 14 days afterinoculation which was very much earlier than other 
hosts used. Also the concentration of virus was found to be higher in N. tabacum cv. 
Jayasri in comparison to the others. Therefore, N. tabacum cv. Jayasri was selected as 
a host for propagation of PYMV. 
4.8.2 Concentration of Virus in Different Parts of the Propagation Host: 
Results presented in table -2.1 and fig. 29 reveal that the virus concentration was 
maximum in leaf tissues followed by stem and root. 
4.8.3 Standerdizatiion of Extraction l\/ledium : 
4.8.3.1 Effect of Buffers : 
Effect of acetate, borate, citrate, citrate phosphate, and phosphate buffers at 
different pH values was compared for extraction of PYMV from infected leaves of N. 
tabacum cv. Jayasri. Partially clarified extract obtained after low speed centrifugation 
(5,000 rpm for 10 min) were assayed on C. amaranticolor ior comparison of the virus 
infectivity. 
Results presented in the table - 2.2 and fig. 30 indicate that the maximum infectivity 
was obtained with phosphate buffer at pH 7.0. 
4.8.3.2 Effect of P/lolarity : 
Attempts were made to determine the most suitable molarity (ionic strength) of 
phosphate buffer pH 7.0 for virus infectivity. Infected leaves of N. tabacum cv. Jayasri 
were macerated in phosphate buffer pH 7.0 of different molarities separately. The samples 
82 
the extracts at different stages of purification. 
Table - 2.1 : Concentration of PYMV in different parts of N. tabacumcy. Jayasri plants at 
14 days of inoculation 
Part of plant Number of local 
lesions / leaf * 
Per cent relative 
infectivity 
Leaf 70 100 
Stem 29 41.42 
Root 14 20 
* Average number of local lesions /leaf based on 5 plants of C. amaranticolorhaVmQ six 
leaves each. 
4.8.4 Effect of Additives on the Infectivi^of Virus : 
To evaluate the effect of different additives on the infectivity of PYMV, ethylenediamine 
tetraacetic acid (EDTA), sodium diethyl dithiocarbamate (DIECA) and sodium sulphite 
were added separately or in combination to phosphate buffer(0.05 M,pH 7.0). Such buffer 
was then used for maceration of infected leaf tissues (1:2 w/v). Extract prepared in 
phosphate buffer (0.05 M, pH 7.0) without any additive sen/ed as control (table - 2.4). 
It is evident from the table - 2.4 that none of the additives used in phosphate buffer 
Increases the infectivity of the virus. Hence no additives were used with the extraction 
buffer (0.05 M phosphate buffer pH 7.0). 
4.8.5 Clarification of Extract by Organic Solvents : 
Sap exrtacted from N. tabacum cv. Jayasri in extraction buffer (EB) i.e. 0.05 M 
phosphate buffer pH 7.0 was mixed with different organic solvents either alone or in 
different combinations with different percentage and stirred for 15 min at 4°C. The samples 
were then centrifuged for 10 min at 10,000 rpm. The aqueous layer was separated and 
assayed on C. amaranticolorior comparison of virus infectivity. Sap extracted from N. 
tabacum cv. Jayasri in EB only was used as control (table - 2.5 and fig. 32). 
83 
v^ 
o 
o 
. 0 
CO 
»-. ca 
TO 
0 
c 
0 
OS 
0) 
• * * ^ 
V) c 
0 
« 
^ 
"cO 
0 
0 
.,_ 0 
1 _ 
0) 
n E 3 
c 
0 
D) 
CO 
0 
> 
< 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
A B C 
Parts of plant 
Fig. 29 : Concentration of petunia yellow mosaic virus 
In different parts of N. tabacum cv. Jayasri plants. 
Table - 2.2 : Effect of various buffers at different pH levels on the infectivity of PYMV 
Buffers pH Average number of local 
lesions / leaf* 
0.1 M Acetate 4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
12 
20 
24 
30 
33 
28 
21 
0.1M Borate 7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
35 
32 
25 
20 
18 
13 
0.1 M Citrate 4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
00 
08 
11 
18 
25 
33 
21 
0.1 M Citrate phospfiate 5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
11 
19 
24 
29 
35 
26 
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0.1 M Phosphate 
6.8 
7.0 
6.5 
6.6 
6.7 
6.8 
6.9 
7.0 
7.1 
7.2 
7.3 
7.4 
7.5 
17 
14 
18 
21 
28 
34 
41 
56 
52 
47 
43 
37 
29 
* Average number of local lesions /leaf based on 5 plants of C. amaranticolorhaving six 
leawes each. 
Table - 2.3 : Effect of molarity of phosphate buffer pH 7.0 on the infectivity of PYMV 
Molarity (M) Number of local lesions / leaf* per cent relative 
infectivity 
0.02 
0.15 
0.10 
0.07 
0.05 
0.03 
0.01 
58 
66 
72 
85 
94 
81 
74 
61.70 
70.21 
76.59 
90.42 
100 
86.17 
78.72 
* Average number of local lesions /leaf based on 5 plants of C. amaranticolor having 6 
leaves each. 
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Fig. 30 - Effect of various buffers at different pH values on tlie 
infectivity of PYMV 
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Fig. 31 - Effect of different molarities of phosphate buffer pH 7.0 
on the infectivity of PYWIV 
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Table - 2.4 : Effect of different additives on the infectivity of PYMV 
Additives** Averaqe number of local lesions/leaf* 
Control Treated 
A 
B 
C 
A+B 
A+C 
B+C 
92 
92 
92 
92 
92 
92 
45 
29 
52 
32 
48 
26 
* Average number of local lesions/leaf based on 5 plants of C. amaranfco/or having six 
leaves each. 
**A- Ethylenedlamine tetraacetic acid (0.01 M) 
B- Sodium diethyl dithiocarbamate (0.1%) 
C-Sodium sulphite (0.1%) 
Table - 2.5 : Effect of some organic solvents on the infectivity of PYMV 
organic solvents** 
A 
B 
C 
A+B(1:1) 
A+C(1:1) 
B+C(1;1) 
Percentage of 
organic solvents 
10 
20 
30 
10 
20 
30 
10 
20 
30 
10 
20 
30 
10 
20 
30 
10 
20 
30 
Average number of local lesions/leaf* 
Control 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
Treated 
18 
22 
34 
42 
46 
35 
96 
114 
87 
14 
25 
30 
08 
14 
19 
34 
48 
56 
* Average number of local lesions/leaf based on 5 plants of C. amaranticolor haV\ng six 
leaves each. 
A- Butanol B- Carbon tetrachloride C- Chloroform 
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Fig. 32 : Effect of some organic solvents on tfie infectivity of PYMV. 
iOA-Control 
• B- Butanol. 
I l l C- Carbon tetrachloride 
I I D- Chlorofrom. 
H E- Butanol + carbon tetrachloride. 
[]]] F- Butanol + chlorofrom. 
H G- Carbon tetrachloride + chloroform. 
Table-2.5 and fig. 32 reveal that butanol, carbontetrachloride and mixtures of both 
showed adverse effect on virus infectivity in all the percentages used. Chloroform alone 
showed a very slight adverse effect on virus infectivity when used at 30% but increased 
the infectivity when used at 10% and 20%. Highest infectivity was found when 20% 
chloroform was used alone. Therefore, chloroform (20%) was routinely used for clarification 
of crude sap containing petunia yellow mosaic virus. 
4.9 Precipitation of Virus with Polyethylene Glycol (PEG 6000 MW): 
Precipitation of PYMV from clarified extract obtained after chloroform treatment and 
low speed centrifugation was attempted with different concentrations (2,4, 6 and 8%) of 
polyethylene glycol (PEG 6000 MW) with or without NaCI (0.1 %). The precipitate obtained 
in each case was suspended in extraction buffer and centrifuged at 10,000 rpm for 10 min. 
The supernatant after diluting it with EB to bring it to the original volume was assayed on 
local lesion host, C. amaranticolor to find out whether the virus is precipitated by PEG 
under the experimental conditions. The clarified preparation obtained after low speed 
centrifugation was also inoculated on C. amaranticolorior comparison of virus infectivity 
(table - 2.6 and fig. 33). 
Table - 2.6 : Effect of PEG and NaCI on the precipitation of PYMV 
PEG (6,000 MW) 
02 
02 
04 
04 
06 
06 
08 
08 
NaCI% 
(w/v) 
0.1 
— 
0.1 
— 
0.1 
— 
0.1 
— 
Average number of local lesions/leaf* 
Control Treated 
108 09 
108 06 
108 42 
108 35 
108 76 
108 67 
108 51 
108 44 
* Average number of local lesions/leaf based on 5 plants of C. amaranticolorhaVing six 
leaves each. 
87 
o 
.o 
c 
d 
c 
o 
CD 
c g 
•(5 
o 
o 
E 
13 
C 
ca 
I— 
o 
> 
< 
I I - Control 
PEG + NaCI 
120 
100 
Percentage of PEG (W/V) 
Fig. 33 : Effect of PEG (6,000 MW) and NaCI on tfie 
precipitation of PYMV. 
It is evident from the results given in the table - 2.6 and fig. 33 that all the virus was 
not precipitated by 2,4, 6 and 8% PEG with or without 0.1 % NaCl.The maximum recovery 
of the virus was with 6% PEG with 0.1% NaCI. 
4.10 Purification Procedure : 
Several procedures were evaluated forthe purification of the present virus isolate, 
but the result of the method which was found most suitable, is detailed here. 
Relative infectivity of the samples was determined at different steps of purification 
by assaying on C. amaranticolor {\ab\e - 2.7). 
Table - 2.7 : Relative infectivity of PYMV at different steps of purification 
Steps of purification Average number of 
local lesions/leaf* 
Per cent relative 
infectivity 
Supernatant 90 80.35 
(after 1st low speed) 
Clarification (chloroform treatment) 112 100 
PEG (6%) + NaCI (0.1 %) precipitation** 72 64.28 
Differential centrifugation** 47 41.96 
* Average number of local lesions/ leaf based on 5 plants of C. amaranticolorhay'ing six 
leaves each. 
** Virus suspension was diluted to original volume for assaying virus infectivity. 
The last pellet obtained after high speed centrifugation was colourless and free from 
any green material. The partially purified virus suspension was opalescent and highly 
infectious. Hence the procedure detailed in the flow diagram (Fig. 34) seems to be a 
suitable and efficacious method for the isolation of PYMV. All further studies on the 
properties of the virus were carried out using this method. 
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PURIFICATION PROCEDURE 
Homogenize 200 g 
i 
Pellet 
i 
Discard 
i 
Pellet 
i 
Discard 
i 
Supernatant 
i 
Discard 
i 
Pellet 
infected leaves of N. tabacum cv. Jayasri in 400 ml of EB 
i 
Squeeze through 
i 
Centrifuge at 5,000 
i 
muslin cloth 
rpm for 10 min 
i 
Supernatant* 
i 
20% Chloroform (chilled) drop by 
drop while stirring for 15 min at 4°C 
i 
Centrifuge at 10,000 rpm for 10 min 
i 
i 
Supernatant* 
i 
Add6%PEG + 0.1%NaCI 
i 
Stirr for 1 h 
i 
Keep for 1/2 h at 4° C 
i 
Centrifuge at 10,000 rpm for 10 min 
i 
i 
Pellet 
i 
Suspend in 0.05 M 
phosphate buffer pH 7.0 
(10 ml/100 ml of initial 
extract) 
i 
Centrifuge at 10,000 rpm 
for 10 min 
i 
^ 
Supernatant** 
i 
Discard 
Supernatant 
i 
Discard 
i 
Centrifuge at 30,000 
rpm for 2 h 
i 
Pellet 
i 
Suspend in 0.05 M phosphate 
buffer pH 7.0 
(2 ml/100 ml of initial extract) 
i 
Centrifuge at 5,000 rpm 
for 10min 
i 
Pellet 
i 
Discard 
Assayed for virus infectivity on C. amaranticolor 
I 
Supernatant** 
(Partially purified virus 
suspension) 
Fig. 34 - Flow diagram for the purification of Petunia yellow mosaic virus (PYMV). 
4.11 Density Gradient Centrifugation : 
Further purification of PYMV was achieved by rate zonal density gradient 
centrifugation. The last traces of plant proteins and other remaining contaminants were 
removed by rate zonal density gradient centrifugation. Two ml partially purified preparation 
of the virus was loaded on sucrose density gradients and centrifuged for 2 h at 23,000 rpm 
in a Beckman SW25.1 rotor. After centrifugation, the tubes when examined in a dark room 
by projecting a narrow beam of light down the tubes from the top showed a light scattering 
band. The material removed from the light scattering band was inoculated on C. 
amaranticolor, P. hybrida and N. tabacum cv. Jayasri. It produced local lesions, yellow 
mosaic and mosaic on the inoculated plants, respectively. The light scattering band was 
removed and mixed with buffer (0.05 M phosphate buffer pH 7.0), centrifuged at 30,000 
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Fig. 35. Rate zonal density gradient centrifugation of PYIVIV in sucrose gradient. The 
virus was recovered from the visible light scattering zone (V). 
F.J. 35 
rpm for 2 h in an angle head rotor. Pellet was resuspended in 0.05 M phosphate buffer 
pH 7.0 and centrifuged for 10 min at 5,000 rpm. The resultant preparation was clear, 
opalescent and infective and was treated as purified virus (fig. 35). 
4.12 UV-Absorption Spectrum : 
The purified virus suspension obtained after density gradient centrifugation was 
examined in an UV - visible recording spectrophotometer. Informations regarding the UV 
absorption spectra of suitably diluted purified virus sample are given in tables 2.8 and 2.9 
and fig. 36. 
Table - 2.8 : UV - absorption spectra of purified PYMV 
Wave length 
(nm) 
Absrobance 
200 0.546 
210 0.506 
220 0.463 
230 0.420 
240 0.378 
250 0.374 
260 0.414 
270 0.380 
280 0.340 
290 0.282 
300 0.237 
310 0.202 
320 0.181 
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Fig. 36 - UV - absorption spectrum of purified preparation of 
PYMV 
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Table - 2.9 : Information derived from UV - spectrum of PYMV 
A 260 
A 245 
minimum 
Amax/A,, 1.06 
A at 260 nm 0.414 
A at 280 nm 0.340 
A26C/A280 1 -2 
AJA^,, 0.821 
4.13 Molecular Weight of Coat Protein : 
SDS - PA(3E electrophoresis of purified virus degraded by SDS and 2 
mercaptoethanol stiowed only one major band indicating a single type of protein subunit 
in the virus particle. The molecular weight of the protein subunit was estimated by 
interpolating distance migration and RF value of the viral protein into two separate graphs 
prepared by simultaneous run of the known molecular weight markers (fig. 37 A and B), 
respectively.The relative informations are given in the table- 3.0. 
The molecular weight of protein subunit was calculated as c. 32,000 D. The data 
were based on average of three separate determinations. 
4.14 Characteristic of Viral Nucleic Acid : 
4.14.1 isolation of Viral Nucleic Acid : 
The viral nucleic acid isolated by phenol - chloroform method gave positive results 
when it was assayed on C. amaranticolor. When the extracted viral nucleic acid was 
treated with pancreatic ribonuclease assayed on C. amaranticolor, no Infection was 
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Fig. 37. (a) SDS-PAGE electrophoresis of known molecular weight proteins and virus 
coat protein. 
W1 W2 
M- Protein markers, Vp - Virus coat protein 
Band 1 - Heavy chain 
Band 2 - Actin 
Band 3 - Troponin 
Band 4 - Tropomyosin 
Band 5 - Light chain 1 
Band 6 - Troponin 1 
Band 7 - Light chain 2 
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Fig.37(b) (i) Estimation of molecular weight of coat protein sub 
unit of PYMV from calibration curve obtained by 
distance migration values by SDS-PAGE. 
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Fig.37(b) (ii) Estimation of molecular weight of coat protein sub 
unit of PYMV from calibration curve obtained by Rf 
values by SDS-PAGE. 
Table -3.0: Informations of the results obtained in SDS - PAGE electrophioresls of protein 
subunit of PYMV 
Gel before staining 8 cm. 
Gel after staining 9.0 cm. 
Band of marker proteins 
obtained in gel from dye front 
0.4 
3.2 
4.2 
4.8 
5.6 
cm 
cm 
cm, 
cm. 
cm. 
6.7 cm, 
7.2 cm. 
Ill 
IV 
V 
VI 
VII-
Band of virus protein obtained 
in gel from dye front 4.6 cm. 
found. It indicated that the infectious preparation was intact that of RNA. 
Infectivity of isolated nucleic acid was compared with SI (standard inoculum) from 
infected leaves of N. tabacum cv. Jayasri, on local lesion host, C. amaranticolor, on the 
basis of dilutions (table - 3.1). 
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Table - 3.1 : Infectivity of isolated nucleic acid of PYMV in comparison to SI on the basis 
of dilutions 
Dilutions Average number of local lesions / leaf* 
SI (PYMV) Nucleic acid 
Undiluted 
10-
10-2 
10-3 
10-
10-s 
10-
10-
70 
32 
17 
06 
31 
14 
03 
0 
0 
0 
0 
* Average number of local lesions/leaf based on 5 plants of C. amaranticolor haV\ng six 
leaves each. 
The results presented in the table -3.1 reveal that the isolated nucleic acid was about 
10% infectious as compared to the infectivity of SI (standard inoculum). 
The results are somewhat imprecise as the amount of actual virus and nucleic acid 
has not been taken into consideration. 
4.14.2 Type of Nucleic Acid : 
The orcinol test gave a positive result as there was development of green colour in 
the mixture containing orcinol reagent and viral nucleic acid. But there was no change in 
colour in the diphenylamine reaction indicating that the viral nucleic acid was RNA. 
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4.15 Physiochemical Properties of the Virus : 
4.15.1 RNA Percentage of PYMV : 
The percentage of RNA present in PYMV was determined by using tlie equation and 
quadratic regression line relationship as described by GIbbs and Harrison (1976). The 
2^6(7^ 280 ^^ '^0 of "• -2 indicated 6.4% RNA in PYMV (petunia yellow mosaic virus) (fig. 3 8). 
4.15.2 Extinction Coefficient of PYMV : 
On the basis of standard curve and the equation (Gibbs and Harrison, 1976) the 
calculated extinction coefficient of PYMV was 2.85 (fig. 39). 
4.15.3 Buoyant Density and Specific Volume (V) of PYI\/IV : 
According to the standard curve and the equation given by Gibbs and Harrison 
(1976) the buoyant density of PYMV was 1.303 g/cm^ The partial specific volume was 
determined as 0.77 (fig. 40). 
4.16 Electron Microscopy: 
4.16.1 Morphology of Virus Particles : 
The clarified virus suspension negatively stained with 2% (w/v) uranyl acetate 
revealed the presence of flexuous rod shaped particles typical of potyvirus having a c. 760 
nm length and 11 nm width (fig. 41). 
4.16.2 Ultrastructural Studies : 
When ultrathin sections of N. tabacum cv. Jayasri were examined in an electron 
microscope, the infected cells showed the following peculier ultrastructural features 
(inclusion bodies) (fig. 42 to 44). 
1. Cytoplasmic pin wheel inclusion bodies. 
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RNA% 
Fig.38- Estimation of RNA % of PYMV using quadratic 
regression line described by Gibbs and Harrison (1976). 
Fig.39 - Estimation of extinction coefficient of PYMV using linear 
regression line described by Gibbs and Harrison (1976). 
1 50r 
40 50 20 30 
RNA% 
Fig.40- Determination of density in CsCI solution of PYMV 
using quadratic regression line described by GIbbs 
and Harrison (1976). 
Fig. 41. Electron micrograph of negatively stained preparation from clarified virus 
concentrate. 
Av. length = 760 nm 
Av. width = 11 nm 
Bar = 250nm 
L1* 
< III 
\ 
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Fig.42. Electron micrograph showing cylindrical inclusions in the cytoplasm of virus 
infected cell of N. tabacum cv. Jayasri. Inclusions comprise scrolls (Sc) and 
lamellar aggregates (La). 
Bar=500nm 
Fig. 43. Electron micrograph showing cylindrical inclusions in the cytoplasm of virus 
infected cell of N. tabacumcv. Jayasri. Inclusions comprise pin wheels (Pw) and 
long lamellar aggregats (La). 
Cy = Cytoplasm 
Ch = Chloroplast 
Bar = 250nm 
Fig. 44. Electron micrograph showing cylindrical inclusions in the cytoplasm of virus 
infected ceil of N. tabacum cv. Jayasri. Inclusions comprise pin wheels (Pw), 
scrolls (Sc) and long lamellar aggregates (La). 
Nu = Nucleus 
Bar = 500nm. 
2. Cytoplasmic scroll inclusion bodies. 
3. Cytoplasmic long lamellar inclusion bodies. 
4.17 Serology : 
4.17.1 Homologous Reaction: 
4.17.1.1 Tube F'recipitin Test: 
The precipitin tests carried out with different combination of antigen and antiserum 
produced granu lar precipitate. With the help of this technique, various combination of two 
fold dilution of antigen and antiserum revealed the antigen end point as 1:256 and 
antiserum end point as 1:1024 (table - 3.2). 
4.17.1.2 Ouchterlony Gel Double Diffusion Test: 
Double diffusion tests in plates were carried out using different combination of gel 
media to determine a suitable gel media for the formation of precipitin band of the 
PYMV.The suitable gel medium consisted of 1 g agar in 0.1 M phosphate buffer pH 7.0 
with or with out 0.02% sodium azide. These gels gave visible and clear immunoprecipitin 
bands. Since, sodium azide has no effect on the formation of precipitin band, it was 
preferred for keeping the gel medium free from microbial contamination. Viral antigen 
(PYMV) suspended in 0.05 M phosphate buffer pH 7.0 showed best results. 
Purified virus and crude sap from infected N. tabacum cv. Jayasri leaves reacted 
with the antiserum prepared against PYMV in gel double diffusion tests (fig. 45). Purified 
PYMV, sap from infected leaves and sap extracted from healthy leaves were set up in the 
wells surrounding a central well containing PYMV antiserum. Precipitin lines were formed 
between the central well and the wells containing purified PYMV and the sap extracted 
from infected leaves. But there was no precipitin line between the central well and the well 
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T a b l e - 3 . 2 : H o m o l o g o u s reac t ions of an t igen a n d an t i se rum in t u b e prec ip i t in tes ts 
Dilution 
of antigen 
Intensity of precipitation in different dilutions of antiserum 
[^ ["^ 1" 1:1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024 1:2048 luted 
Undiluted +3 +3 +3 +3 +3 +3 +3 +2 +2 +2 + 
1:1 +3 +3 +3 +3 +3 +3 +3 +2 +2 +2 + 
1:2 +3 +3 +3 +3 +3 +3 +3 + 2 + 2 + + 
1:4 +3 +3 +3 +3 +2 +2 +2 +2 + + + 
1:8 +3 +3 +3 + 2 + 2 + 2 + 2 + + + 
1:16 + 3 + 3 + 2 + 2 + 2 + + + + - -
1:32 +2 +2 +2 + + + _ _ _ _ _ 
1:64 + 2 + + + - - - - - - -
1:128 + + + - - - - - -
1:256 + _ _ _ _ _ 
1:512 _ _ _ _ _ _ 
1:1024 _ _ _ _ _ _ 
1:2048 _ _ _ _ _ _ _ _ _ _ 
Symbo l legend 
+3 =S t rong , + 2 = Moderate Dilution end point of an t iserum = 1: 1024 
+ = Weak , — = No precipi tat ion Dilution end point of ant igen = 1 : 256 
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45. Double diffusion test in agar with petunia yellow mosaic virus and its antiserum. 
Central well cantains PYMV antiserum, well No. 1 and 5 sap from healthy 
petunia leaves, well No. 2 purified preparation of PYMV, well No. 3 phosphate 
buffer (0.05 M, pH 7.0) and well No. 4 sap from PYMV infected petunia leaves. 
46. Double diffusion test in agar with PYMV antiserum and antisera of different 
viruses. Central well contains PYMV antiserum, well No. 1 contains antiserum 
to papaya ring spot virus, well No. 2 purified preparation of PYMV, well No. 3 
antiserum to potato virus Y, well No. 4 bean common mosaic virus and well No. 
5 bean yellow mosaic virus. 
containing sap from lieaithy leaves. 
4.17.2 Heterolocjous Reaction : 
Forestabiisliing the serological relationship of PYMV, immunodiffusion tests in gel 
were carried out using PYMV antiserum and the antisera of different viruses, such as 
papaya ringspot virus (PRSV), potato virus Y (PVY), bean common mosaic virus (BCMV) 
and bean yellow mosaic virus (BYMV). 
The results indicate that PYMV is closely related to PRSV and PVY, since it gave 
strong reactions and produced very sharp precipitin bands (fig. 46). But there were no 
reactions with antisera of BCMV and BYMV. 
4.18 Immuno S>orbent Electron Microscopy (ISEM): 
4.18.1 Trapping of Virus Particles : 
Maximum number of virus particles were trapped on PVY (potato virus Y) and PRSV 
(papaya ringspot virus) antiserum coated grids. BCMV (bean common mosaic virus) and 
BYMV (bean yellow mosaic virus) antiserum trapped minimum numberof PYMV particles. 
While PVA (potato virus A) and PVV (potato virus V) gave moderate trapping of the PYMV 
particles.Thus, on the basis of trapping,it Is concluded that the virus (PYMV) under study 
is closely related to PVY and PRSV (table - 3.3 and fig. 47 and 48). 
4.18.2 Decoration of Virus Particles : 
Heavy decoration of petunia yellow mosaic virus was obsen/ed with PVY and 
PRSV.There was a negligible decoration with BCMV and BYMV. Moderate decoration 
occurred with PVA and PVV (fig. 47 and 48). 
4.18.3 Estimation of Trapped Virus Particle Number: 
The number of viral particles trapped with PVY and PRSV antiserum was 3 for each, 
and 2.5 each with PVA and PVV (table - 33 and fig. 47 and 48). 
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Table -3.3: Serological comparison of PYMV based on trapping of tfie virus particles with 
the antisera of different viruses 
Trapping/coating 
with antiserum*(A) 
Number of virions trapped* Trapping indax 
Serum (control) 
No coating (control) 
BCMV A/s 
BYMV A/S 
PRSV A/S 
PVAA/S 
PVVA/S 
PVY A/S 
TEVA/S 
0.2 
0.4 
0.8 
0.8 
3.0 
2.5 
2.5 
3.0 
2.0 
2 
4 
4 
15 
12.5 
12.5 
15 
10 
* Average of 30 counts from three grid holes (10 / hole) per 20 cm^ screen area. 
** Number of Virions with antiserum : number of virions with serum. 
A - Antiserum used -
BCMV - Bean common mosaic virus. 
BYMV - Bean yellow mosaic virus. 
PRSV - Papaya ringspot virus. 
PVA - Potato virus A 
PVV - Potato virus V 
PVY - Potato virus Y 
TEV - Tobacco etch virus 
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47. Electron micrograph showing PYMV particles trapped and decorated with 
antiserum to papaya ringspot virus. Moderately good binding of antibodies is 
clearly disernable. 
Bar = 250nm. 
48. Electron micrograph showing PYMV particles trapped and decorated with 
antiserum to potato virus Y. Moderately good binding of antibodies is clearly 
disernable. 
Bar = 250nm. 
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DISCUSSION 
DISCUSSION 
Petunia {Petunia hybrida Vilm.) is widely grown in gardens in Aligarli 
district, as an ornamental plant during the winter season. It was found to be 
infected by a virus disease showing characteristic symptoms of yellow mosaic on 
the leaves, stunting of stem, reduction in size of new leaves, streal<s on petals, and 
crumpled floral buds.The disease was investigated and the identity of its causal 
agent was established. During the survey it was found that the disease incidence 
was lower at the seedling stage (15.47%).However, as the plants grow older,the 
disease spreads and its maximum incidence was 32.19% during January to 
February, 1993. 
The disease was found to be transmitted by usual mechanical sap inoculation 
and by one species of aphid {Myzus persicae Sulz.). It was not transmitted by 
whiteflies {Bemisia tabaci Genn.), dodder {Cuscuta chinensis Lam. and C. reflexa 
Roxb.), soil and seed. Experimental host range studies revealed that the virus under 
study has a restricted host range. It infects 19 species belonging to six families. Most 
of the hosts were from Chenopodiaceae and Solanaceae.The plants belonging to 
Chenopodiaceae and Papilionaceae generally showed necrotic local lesions, while 
those of Solanaceae showed varied type of mosaic on the leaves, stunting of the plants, 
and necrosis. Calendula officinalis L.(Asteraceae) and Raphanus sativus L. 
(Brassicaceae) were found to be latent hosts for this virus. Nicotiana tabacum L. cv. 
Jayasri was used as propagation host. Different Ctienopodium spp. were found to 
react with localised lesions to this virus, but C. amaranticolorvjas used as local lesion 
host for quantitative assay as it gave maximum and countable local lesions. 
Virus in crude sap lost its infectivity after heating at 60°C for 10 min, but 
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remained infective at 55°C, and lost infectivity at a dilution of 10 *. It remained infective 
for 78 h whien stored at room temperature (20 ± 5°C) and 114 hi at 4°C. No infectivity 
was recorded beyond these periods. 
Phiosphiate buffer (0.05 M, pH 7.0) was found to be thie most suitable extraction 
medium for retaining virus infectivity. Otherbuffers tried such as acetate, borate, citrate 
and citrate phosphate were found to inhibit the activity of the virus. Addition of DIECA, 
sodium sulphite, and EDTA also inhibit the virus infectivity. 
Virus attained maximum concentration in N. tabacum cv. Jayasri plants after 14 
days of inoculation. All parts (root, stem and leaf) of this propagation host contained 
virus but the maximum concentration of virus was present in leaves. 
Virus was purified by a procedure involving extraction from N. tabacum cv. 
Jayasri plant leaf tissues infected with the virus in 0.05 M phosphate buffer pH 7.0. 
Chilled chloroform (20%) was used to clarify the sap. The virus was precipitated by 
using PEG 6,000 (6%) and 0.1 % NaCI followed by two cycles of differential centrif ugation. 
Further purification was achieved by rate zonal density gradient centrifugation. 
Partially purified virus preparation when centrifuged on linear sucrose columns for 2 h 
at 23,000 rpm formed a light scattering band. The material forming the light scattering 
band was found to be infective containing virus particles. 
The purified preparation gave a spectrum typical of nucleoproteins. The nucleic 
acid percentage was found to be 6.4% as A^ gg/Ajeo ratio was 1.2. Nucleic acid isolated 
by phenol-chloroform method was found to be RNA by Orcinol test. The extinction 
coefficient, buoyant density and partial specific volume were 2.8,1.303 g/cm^ and 0.77, 
respectively. SDS - PAGE electrophoresis of viral capsid protein showed only one type 
of protein subunit having a molecular weight of c. 32,000 D. 
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Electron microscopic studies of clarified virus preparation revealed the presence 
of flexuous filamentous particles measuring 760 x 11 nm. Ultrastructural studies of 
infected leaf tissues of N. tabacum cv. Jayasri plant revealed three types of cytoplasmic 
inclusion bodies viz. long lamellar aggregates, scrolls and pin wheels in the cells. 
Antiserum raised against the virus showed a titre of 1:1024 in tube precipitin 
test.ln agar-gel double diffusion test the virus showed serological relationship with 
potato virus Y and papaya ringspot virus (PRSV). In immune- specific electron 
microscopy the virus showed close relationship with PVY and PRSV as the maximum 
trapping and decoration were obtained with the antisera of these viruses. 
Several viruses have been reported to cause mosaic and mosaic mottling 
diseases on petunia viz. alfalfa mosaic virus (Lister, 1960 ; Filigarova, 1982); broad 
bean wilt virus (Mali etal., 1977 ; Parvin and Izadpanah, 1978); chrysanthemum mild 
mottle virus strain U (Natsuaki et al., 1994); cucumber mosaic virus (Chester, 1938 ; 
Lovisolo, 1960; Bisht, 1962; Prakash and Joshi, 1979; Franco and Gallitelli, 1985); 
petunia asteroid mosaic virus (Lovisolo etal., 1965; Campbell etal., 1975); petunia 
mosaic virus str. A and B(Matsumoto and Hirane, 1939 ; Raizadaefa/., 1979); petunia 
mottle virus (Naqvi and Mahmood, 1976; Naqvi etal., 1983); potato virus Y (Lovisolo, 
1960; Makutenaite, 1971); tobacco mosaic virus (Kristova, 1959; Eskarous, (1968); 
tobacco bushy stunt virus (Lovisolo, 1957 and 1960); turnip mosaic virus (Zhou etal., 
1993) and several others which are not named so far (Dickson, 1922; Bewley, 1923; 
Johnson, 1926; Eristavi, 1940; Brierley, 1944; Jones, 1949; Ryzhkov, 1964; Misraand 
Chenulu, 1966). 
It is difficult to compare the virus isolate under study (PYMV) with the viruses 
reported earlier as very meagre information is available on these viruses except 
symptoms produced on petunia and some other hosts. Symptoms alone are the least 
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reliable criterion for a meaningful comparison. Infact, particle morphology and serological 
studies give more reliable information regarding the relationship of a virus with other 
viruses. Under such circumstances, a comparison of other properties such as bio-
physical properties, host range and transmission studies may provide a valuable data 
to compare PYMV with other viruses and to identify the virus isolate. 
Arabis mosaic virus reported from petunia by Lister (1960) is a soil transmitted 
virus and is a tripartite particle (Filigarova, 1982), while PYMV (petunia yellow mosaic 
virus) is not transmitted through soil and is a monopartite flexuous rod. Broad bean wilt 
virus reported to cause mosaic on petunia (Parvin and Izadpanah, 1978) can be 
differentiated from PYMV on the basis of symptom production as the Iran isolate 
caused systemic infection on Chenopodium spp. and pea and local lesions on Vigna 
radiata whereas, PYMV produced local symptoms on different Chenopodium spp., 
Vigna mungo and Vigna sinensis and does not infect pea. 
PYMV having long flexuous particles call for no comparison with chrysanthemum 
mild mottle virus strain U, reported to cause mosaic on petunia (Natsuaki eta!., 1994) 
and cucumber mosaic virus as both of these have spherical particles. Petunia asteroid 
mosaic virus reported by Lovisolo et al. (1965) and Campbell et al. (1979) is a soil 
transmitted virus while PYMV is not transmitted through soil and has an aphid vector. 
Petunia mosaic virus str. A and B (Matsumoto and Hirane, 1939) cause vein -
clearing and chlorosis and str. B produces vacuolate bodies and plate - like crystals 
in the leaf tissues while PYMV produces yellow mosaic on the leaves of petunia and 
produces long lamellar aggregates, scrolls and pin wheels. Both the strains were not 
transmitted by aphids and produced local symptoms on Datura mete! unlike PYMV 
which is transmitted by Myzus persicae in a non - persistent manner and infects D. 
metel systemically. Both the strains were purified using diethylether and carbon 
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tetrachlorid which have deleterious effect on the infectivity of PYMV. Raizada et al. 
(1979 and 1984) reported a yellow strain of petunia mosaic which produces light green 
to yellow mosaic on the leaves in winter and in summer, yellow patches turned to white. 
But with PYMV, there is no change in symptoms in summer. 
Petunia mottle virus reported from Aligarh (Naqvi and Mahmood, 1976) and its 
new strain (Naqvi et al., 1983) can not be compared with PYMV due to paucity of 
information. Furthermore they have claimed their virus to be distinct from potato virus 
Y and is able to infect D. stramonium. 
Petunia yellow mottle virus (Rubio and Resell 1959) which causes yellow mottle 
on the leaves, dark rings on corolla, granular inclusions in petunia and localised 
reaction on tobacco, differs from PYMV as PYMV does not produce rings on corolla 
and produces different kinds of inclusion bodies in tobacco and tobacco reacts 
systemically to it. 
Potato virus X (Chuyan, 1979), potato virus Y (Murayama etal., 1953 ; Lovisolo, 
1960 ; Makutenaite, 1971) and tobacco etch virus (Anderson, 1960) have been 
reported to cause infection on petunia. But the limited information available does not 
allow a comparison with PYMV. 
Tomato bushy stunt virus (Lovisolo, 1950 and 1960), tobacco mosaic virus 
(Kristova, 1959) and tomato spotted wilt virus (Gardner and Whipple, 1934 ; Smith, 
1936) have been reported to infect Petunia. These viruses differ morphologically from 
PYMV and not much information is available in the reports. Turnip mosaic virus (Zhou 
ef a/.,1993) has also been reported on petunia but the meagre information does not 
allow a comparison. 
Papaya ringspot virus (Purcifull etal., 1984) mechanically transmissible and by 
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numerous species of aphids in a non - persistent manner liaving fiexuous filamentous 
particles c. 780 x 12 nm containing RNA, and Inducing cylindrical and amorphous 
inclusions in the cytoplasm of host cells is similarto PYMV in several respects. Both the 
viruses have a narrow host range, long fiexuous particles, contain RNA, have similar 
^2J^2^Q ^^'Lie and about the same buoyant density in CsCI. In immune - specific 
electron microscopy PYMV showed close relationship with papaya ringspot virus as 
high trapping and decoration were obtained with the antisera of papaya ringspot virus. 
Inspiteofthese similarities there exist differences which distinguish PYMVfrom papaya 
ringspot virus (PRSV). PYMV is transmitted by Myzus persicae alone whereas PRSV 
is transmitted by several aphid species including Aphis gossypii\Nh\ch failed to transmit 
PYMV. PYMV has a higher thermal inactivation and dilution end point and when stored 
at room temperature retains infectivity fora longertime. Amorphous inclusions reported 
in PRSV infected plants were not found in PYMV infected plants. The molecular weight 
of the protein subunit of PYMV is 32000 whereas that of PRSV is 36000 - 36500.Sodium 
sulphite, EDTA and carbon tetrachloride used in purification of PRSV were found to 
have deleterious effect on PYMV and affected infectivity to a great extent. 
Potato virus Y (de Bokx and Huttinga, 1981) is another virus having long 
fiexuous particles 730 x 11 nm, containing about 6% RNA, transmitted mechanically to 
a narrow range of hosts and also by many aphid species in a non - persistent manner, 
inducing cytoplasmic inclusion in host cells which resembles PYMV to a great extent. 
PVY antiserum gives a positive reaction with PYMV in double diffusion test and in 
ISEM studies with high trapping and decoration of PYMV particles. PYMV does not 
infect Datura stramonium which is immune to infection by PVY of all tested strains, 
PYMV differs from PVY in having a single aphid species as vector, slightly 
longer particle lengt tiand having a protein of molecular weight 32000 a compared to 
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34000 of PVY. PYMV has a very short longevity in plant sap as compared to PVY. EDTA 
and mercaptoethanol used in the purification of PVY are deleterious to PYMV. 
On the basis of the properties of PYMV - filamentous particles measuring 
760x11 nm, a buoyant density of 1.303 g cm-3, presence of RNA (6.4%) and protein 
subunits of molecular weight 32,000, induction of cytoplasmic inclusions (pin wheels, 
laminated aggregates and scrolls), transmission by mechanical inoculation of sap and 
by aphid [Myzus persicae) in a non - persistent manner, restricted host range and 
serological relationship with potato virus Y and papaya ringspot virus - it is concluded 
that Petunia yellow mosaic virus (PYMV) is a definitive member of potyvirus group. 
Though having many characteristics in common with PVY and PRSV specially 
positive reaction in Ouchterlony double diffusion tests and high trapping and decoration 
in immuno - specific electron microscopy PYMV does not appear to be a strain of either 
of these viruses. The serological relationships among potyviruses are very complex. It 
is difficult to decide on the basis of evidences available whether PYMV is a strain or a 
distinct potyvirus. 
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SUMMARY 
SUMMARY 
A yellow mosaic disease of petunia (Petunia hybrida V\\m.) which caused yellow 
mosaic and reduction in size of leaves, stunting of plants, and floral abnormalities was 
prevalent In Allgarh. The virus causing this disease was investigated and designated as 
petunia yellow mosaic virus (PYMV). 
1. Petunia yellow mosaic virus has a restricted host range, infecting t9 species 
belonging to six families. Most of the hosts are distributed in families-Solanaceae 
and Chenopodiaceae. The general symptoms observed on Nicotiana spp. and 
cultivars were mosaic, yellowing and defonnation of leaves. The virus evoked local 
lesions on many species of families Chenopodiaceae and Papilionaceae. Calendula 
officinalisL. (Asteraceae) and RaphanussativusL. (Brassicaceae) are latent hosts 
of the virus. 
2. PYMV was found to be readily transmitted by mechanical sap inoculation and also 
by the aphid vector Myzuspersicae. The virus could not be transmitted by white flies 
(Bemesia tabaci) and 2 species of dodder (Cuscuta chinensis and C. reflexa), soil 
and seeds. 
3. Phosphate buffer (0.05 M, pH 7.0) was found to be the most suitable medium for 
mainteinance of virus infectivity. Other buffers such as, acetate, borate, citrate, and 
citrate phosphate inhibit the activity of virus. Addition of Dl EGA, sodium sulphite, and 
EDTA reduced the virus infectivity in crude sap. 
4. PYMV lost its infectivity at a dilution of 10'* in crude sap of Nicotiana tabacum cv. 
Jayasri. It withstood heating upto 55°C for 10 min and remained active till 78 h when 
stored at room temperature (20 ± 5°C) and upto 114 h at 4°C. 
5. Petunia yellow mosaic virus (PYMV) attained maximun concentration in N. tabacum 
cv. Jayasri 14 days after mechanical inoculation. The concentration then slowly 
declined. 
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6. PYMV was isolated by a procedure involving extraction of the virus witin 0.05M 
phospliate buffer pH 7.0 ; clarification by 20% chloroform; precipitation of the virus 
by 6% PEG in the presence of 0.1% NaCI followed by two cycles of differential 
centrifugation. 
7. Removal of host contaminants was achieved by rate-zonal density gradient 
centrifugation on linear sucrose columns. The PYMV exhibited a single light 
scattering band in sucrose columns and infectivity was found associated with this 
band. 
8. Purified preparations gave a spectrum typical of nucleo-proteins in UV-
spectrophotometer (A^ ^^  at 260 nm and A^ .^  at 245 nm). 
9. The nucleic acid was isolated by phenol - chloroform method and was found to be 
RNA by Orcinol test. The infectivity was found to be 10% of that of intact virus. RNA 
constituted about 6.4% of the total particle weight. The ratio of k^J k^^^ for 
nucleoprotein was 1.2. 
10. The extinction coefficient of PYMV determined by linear regression line and the 
equation (Gibbs and Harrison, 1976) was 2.8. 
11. The buoyant density and partial specific volume of PYMV determined using 
quadratic regression line and the equation (Gibbs and Harrison, 1976) were 1.303 
g/cm^ and 0.77, respectively. 
12. SDS-PAGE electrophoresis of viral capsid protein showed only one type of protein 
subunit having a molecular weight of c. 32,000 daltons. 
13. The clarified preparation of virus negatively stained with 2% uranyl acetate showed 
flexuous filamentous particles measuring ca. 760 x 11nm. 
14. Ultrathin section of infected N. tabacum cv. Jayasri leaves showed three types of 
inclusion bodies scattered in the cytoplasm of cells viz. long lamellar aggregates, 
scrolls and pinwheels. 
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15. An antiserum was raised against PYMV having a litre of 1:1024 and the virus end 
point 1:256 as determined by tube precipitin test. 
16. In Ouchterlony gel double diffusion tests, the virus (PYMV) showed serological 
relationship with PVY (potato virus Y) and papaya ringspot virus (PRSV). 
17. In ISEM (Immunosorbent electron microscopy), PYMV showed close relationship 
with PVY and PRSV as maximum trapping and decoration were recorded with the 
antisera of these viruses. 
18. PYMV differed in some respects from PVY and papaya ringspot virus with respect 
to host range, and biophysical properties. But particle dimension and morphology 
and induction of inclusion bodies are more or less the same as that of PVY and 
papaya ringspot virus. 
19. On the basis of the properties of petunia yellow mosaic virus (PYMV) it is concluded 
that it is a definitive member of poty virus group. 
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